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Introduction

The increased use of pesticides coupled with the advent of ex¬
tremely toxic substances often with long residual capabilities and
toxic breakdown products has caused universal concern as to their
long range effects on all forms of life.

In response to this con¬

cern , sophisticated techniques have been developed for measuring
pesticides and their residues.

These techniques can be broken into

two basic groups—biological detection and chemical detection.

In¬

trinsically chemical techniques are usually more quantitatively and
qualitatively precise than are biological techniques.

In contrast,

a single biological technique can detect microquantities of wide
ranges of toxicants.
Federal law requires that any pesticide sold in interstate com¬
merce must conform with residue tolerances set by the Food and Drug
Administration.

Since many pesticides degenerate or are metabolized

into other toxic materials, it is often necessary to analyze the
agricultural product for toxic substances other than the original
pesticide.

One technique for doing this is by utilizing the specific

capabilities of the chemical techniques in conjunction with the ex¬
tensive range of sensitivity inherent in bloassay techniques.

Signi¬

ficantly higher bioassay results indicate the presence of an additional
toxicant not measured by the chemical method.
Colorimetric analysis and gas chromatography are two widely used
chemical methods of analysis.

Highly specific and accurate results

2,
are often attained by these techniques*
The brine shrimp (Artemia salina Leach) shows much promise as a
tool in bloassay.

The organism is highly sensitive to microquantities

of many pesticides, is easier to manipulate than Drosophila, has been
the subject of extensive biological study and may be stored indef¬
initely as dormant cysts.

Although the literature describes many

culturing techniques for the brine shrimp9 no rearing method which
meets the needs of bioassay has been described.
Poultry production represents the second largest agricultural
industry in Massachusetts.

Ronnel (0-0 dimethy1-0-2, 4, 5 trichlor-

ophenyl-phosphorothioate) has been shown to be effective in control¬
ling poultry pests.

At the initiation of this study very little was

known about the contamination of poultry products following the use
of ronnel.
These investigations are Intended to:
I. Determine the presence of ronnel or other detectable
residues following its usef in the yolks of eggs of
treated chickens by established colorimetric and gas
chromatographic techniques.
II. Design, build and procure devices for hatching, rear¬
ing, and handling standardized populations of brine
shrimp.
III. Develop a suitable bioassay technique using these
shrimp and extracts of chicken eggs.
IV. Determine the occurrence and disappearance of ronnel

3*
or any other toxic residues or metabolites in the eggs
of chickens following treatment with ronnel*

Review of the Literature

The three most important characteristics of the hypothetically
perfect analytical procedure are unlimited sensitivity, accuracy and
consistency; of these, consistency is the most important*

Lack of

sensitivity merely limits the procedure's use; consistently incorrect
readings—such as the recovery of only a certain percentage of the
actual amount of material present-—allows highly accurate estimations
to be made*

Highly inconsistent results, however, make drawing con¬

clusions difficult or impossible, thereby weakening or destroying the
procedure's value and validity*
Standardization of materials and procedures is the key to analyt¬
ical replication*

Standardization of response from the biological

material is the major difficulty in achieving a high degree of replic¬
ability in bioassay*

The susceptibility of an organism to a unit dose

of toxicant is affected by genetic and environmental factors*

There¬

fore standardization of the biological agent necessitates the replic¬
ation of the gene pool and environmental conditions present through¬
out the population's life*

The Intelligent approach to the problem

of rearing standard populations of an animal is a comprehensive liter¬
ature review, of those papers dealing with the effects of environ¬
mental factors on the animal's physiology*

Such a review of Artemia

saline (Leach) is presented*
A complete review of the literature on gas chromatography, color-

iroetric analysis and bioassay has not been attempted because most of
the literature doeB not directly concern the problem being studied;
and the voluminous size of such a review is prohibitive*

Therefore

the reviews of the chemical techniques will be limited to the liter¬
ature which deals directly with the analysis of ronnel or methods of
preparing chicken eggs for analysis by these techniques*
The physical and chemical properties of ronnel affect its use as
a pesticide and its behavior in various analytical systems.

It is

necessary to evaluate the potential use of ronnel in and around poultry
houses prior to determining its presence in egg yolks following such
use.

For these reasons a review of ronnel follows*

Ronnel
Introduction
Ronnel is the coined name of O-O-dimethyl 0-2, 4t 5 trichlorophenyl phosphorothioate*

Hammer (1956) states that the compound has

the following empirical formula and structure:

CgH^Cl 0 PS^

/ OCH3
-

O

-P

=s

\ och3

He described ronnel as a white crystalline powder with a molecular
weight of 321*56 and a melting point of 35-37°C.

Ronnel is insoluble

in water. but is readily soluble in most organic solvents; a partial
list of its solubility in various solvents is included below.
(Dew Chemical Company ACD File No. 1-118):

Solvent

gra/lOOgm solvent 25°C.

Acetone

908

Carbon tetrachloride

347.7

Chloroform

347.7

Methanol

24.778 (20°C.)

Xylene

503.3

Water

.0044

Billings (1965) gave the complete list of designations used for this
chemical as being:

ronnel, Dow ET-57. Dow ET-14. Korlan. Nankor.

Trolene, Etrolene. and fenchlorphos.
i

Hammer (1956) reported ronnel to be stable at temperatures up to
60°C. and under neutral and slightly acidic conditions.

Ronnel is

unstable under alkaline conditions.
Plapp et al (1958a) demonstrated that ronnel and its oxygen ana¬
log are not only hydrolyzed at the aryl-phosphate bond* as previously
described by Aldridge (1954) and Fukuto and Metcalf (1956). but also
at the alkyl-phosphate bonds.
hydrolysis

In a second paper, considering the

products of several dialkyl-aryl phosphorothioate insect¬

icides in vitro, the rat. and the cockroach. Plapp et al (1958b) re¬
ported that hydrolysis at both the alkyl and aryl-phosphate bonds

coupled with oxidation at the phosphorothioate group yields four non¬
toxic water soluble phospho-diesters.

They found that dimethyl com¬

pounds hydrolysed more readily than diethyl compounds and phosphates
/

more readily than phosphorothioates.

A higher percentage of hydro¬

lysis at the alkyl-phosphate bond occurred with dimethyl than with
diethyl derivatives*

When the aryl group was 2* 4* 5 trichlorophenyl

aryl hydrolysis was lower than with other aryl groups studied.

Thus

ronnel being a dimethyl phosphorothioate* hydrolyses faster than di¬
ethyl phosphorothioates and slower than dimethyl phosphates.

Due to

the structure of the phenyl group* a high percentage of this hydro¬
lysis occurs at the alkyl-phosphate bond.

Alkyl-phosphate hydrolysis

appeared to be an alternate detoxification mechanism in mammals when
the dose was too large to be metabolized through hydrolysis at the
aryl-phosphate bond.

Since very little alkyl-phosphate hydrolysis

occurred in cockroaches with five of the six materials studied (the
exception being parathion) it is thought that the mammalian ability
to hydrolyse this group* yielding non-toxic substances* contributes
to the lower relative toxicity of the dimethyl aryl phosphorothioates
to mammals.

Use on Poultry
Kraemer (1959) listed four criteria needed for good poultry
parasite control:

1) the compound must combine insecticidal and acar-

icidal action; 2) it must be residual; 3) it must not impair produc-

8
tion; 4) it must not taint the product or leave prohibitive residues•
Though incomplete, the evidence to date indicates that ronnel fulfills
these criteria well.

Safety
Dorough et al (1961) found that ronnel, at dosages up to 800 ppm
in the feed of broilers, had no adverse effect on weight gains*

Sher¬

man and Ross (1959) reported negative weight gains in one week old
chicks only when the single oral dosage reached 800 rag/kg*
ID 50 in these chicks was found to be 890 mg/kg.

The oral

McCollister et al

(1959) reported the oral LD 50 to roosters as being greater than
5,000 mg/kg.

The strain of bird tested was not specified*

These re¬

sults are substantially higher than those reported by other workers*
Raffensperger (1958) administered oral dosages of ronnel to mature
White Plymouth Rock hens at dosages up to 1,000 mg/kg*

At the highest

dosage two birds out of ten exhibited symptoms of phosphate poisoning*
Knapp et al (1960) reported that no residues were found in the eggs
of birds receiving three to four grams of 1% ronnel dust applied
directly on the birds*

The analysis was performed by the Dow Chemical

Company using a manoraetric fly head cholinesterase inhibition tech¬
nique sensitive to *05 ppm*
One facet of the experimental work reported later has already
been published*

Smith et al (1965) stated that ronnel, applied to

the litter as a 5% granular formulation at 0*5 lb./lOO sq* ft* and

1.5 lb./lOO sq. ft. yielded very small apparent residues in the eggs.
Three applications of each dosage were made three weeks apart in 10
by 12 ft. range house enclosing laying White Leghorn hens.

The former

treatment showed no apparent ronnel in seven out of eight samples, a
single sample yielding 0.004 ppm.

All thirteen samples from pens

treated at the 1.5 lb. levels gave detectable ronnel peaks.
varied from 0.002 to 0.02 ppm.

These

Residues were determined using electron

capture gas chromatography.

Efficacy Against Ectoparacites
Linkfield et al (1958) found that 5% ronnel dust gave control
of the northern fowl mite, Ornithonvssus sylviarum. (C & F) on poultry
for up to eight weeks.
experiment.

Malathion failed to eradicate mites in this

Knapp et al (1960) found ronnel as a 1% dust gave satis*

factory results up to twenty-eight days after treatment against the
northern fowl mite.

He concluded that ronnel was capable of eradicat¬

ing mites in treated flocks.

Foulk et al (1963) found ronnel to be

the most effective method of controlling the northern fowl mite of
the eleven pesticides tested.

Kraemer (1959) concluded that ronnel

gave promising control of the fowl tick. Areas nerslcus (Oken), the
chicken body louse, Menacanthus stramineus (Nitz), and the northern
fowl mite, Omlthonvssus sylviarum (C. & F,)«

Similar results were

obtained by Bigley et al (1960) concerning the control of the chicken
body louse and the northern fowl mite.

In vitro and in vivo studies

of the effect of ronnel and nine other pesticides on the chicken body

.

10

louse were performed by Gles9 et al (1958),

They found that 1*000

ppm, ronnal on filter paper caused 100% mortality of the lice after
three hours of exposure.

The performance of ronnel dust in control¬

ling this pest on turkeys was equalled by lindane and malathion but
was superior to the seven other pesticides tested,

Raffenaperger

(1958) found that oral dosages of ronnel equalling 250 mg/kg/day
would control the shaft louse* Menopon gallinae (I,),

He found that

a 25% wettable powder formulation of ronnel incorporated into the
feed at various concentrations caused a rapid reduction in feeding
before an estimated 25 mg/kg dally dosage was received.

Thus this

formulation shows little promise as a feed additive for the control
of the shaft louse.

Better systemic results are reported below by

other workers for the control of Diptera,

Efficacy Against Dipterous Pests
Ectoparasites are not the only arthropod pests of the poultry
producer.

The control of Diptera that breed in chicken manure is also

a costly problem.

Burton et al (1965)

found that the average cost of

fly control on ten poultry ranches in northern California was 7*4
cents per bird per year,

Harris et al (1964)

found that *014 ppm

ronnel added to chicken droppings was the LD 50 for one pest* the
stable fly* Storooxys calcitrans (L),

This dosage was second lowest

to coumaphos of the twelve pesticides studied.

Another fly trouble-

soma in poultry houses is the house fly* Husca doraestica (L),

Knapp

11
et al (1958) showed a 1 1/4% spray of ronnel at a rate of 107 ml per
sq. ft* is superior to the same treatment of malathion for control¬
ling the house fly*

Hansens et al (1956) reported that the 5% wet-

table powder was superior to the 5% emulsion for the control of house
flies in dairy bams*

They reported up to eight week3 control with

the wettable powder and concluded that of the materials tested ronnel
was second only to diazinon*

Hoffman et al (1957) performed similar

experiments using ronnel and diazinon in poultry and cattle manure*
They found that sprayed on manure, ronnel lasted three to four days*
Of the materials tested, only diazinon gave better control than ronnel*
Better residual action was obtained by Wilson et al (1957)*

They re¬

ported that ronnelp applied at the rate of 100 mg per sq* ft* of
manure controlled M, domestica (L) 100% for one week but only 6% the
second week*

This level of control was again found to be less than

that obtained from diazinon and was equalled by Dipterex*

The ap¬

parent Instability of ronnel in poultry droppings as Indicated above
was confirmed by Eversole et al (1965); they concluded that in chicken
manure ronnel breaks down substantially in forty-eight hours*

These

findings agree with many authors who have investigated the use of
f

.y

ronnel as a larviclde in cow manure—Ode et al (1964), Knapp (1965)
and others*
Sherman and Ross investigated the larviddal activity of several
pesticides fed to poultry*

Their results were published in a series

of three papers.

The first paper —* Sherman and Ross (1959) — re¬

ported the effects of five pesticides force fed to eight and nine
day old chicks.

They found that the degree of fecal toxicity to

house fly larvae was directly related to the dosage of pesticide in¬
gested by the chick and inversely related to the period after ingestion
i

that the feces were voided,

Ronnel caused 90% mortality at the 800

mg/kg dosage level in feces voided up to four days after treatment.
The 500 mg/kg dosage level caused over 90% mortality for three days.
Both of these treatment levels caused highly significant drops in
weight gains.
tested.

The persistence of ronnel in the voided feces was not

The effectiveness of ronnel was only surpassed by Dow ET-15.

Diazinon* which performed well as a surface spray in tests mentioned
above* gave control for only one day in this experiment.

The second

paper — Sherman and Ross (1960) — investigated the toxicity to
house fly larvae of feces from laying hens and nine day old chicks
on a continuous dietary regimen of laying ration treated with one of
seven pesticides* including ronnel* as a wettable powder.

They found

that 176-220 ppm ronnel in the feed of both chicks and hens caused
r

over 90% mortality of the fly larvae.
1

'

There was no apparent differ-

.

C

S

*

n

f

ence in the toxicity of manure from the chicks and the hens on com¬
parable toxicants and dosages.
x

.
t

.

4
‘

;

For house flies subjected to the
W

I
♦

u

*

»

manure the LD 50 of ronnel In the feed was calculated at 48 ppm.

The

authors state that Quisenberry et al (1958) reported that ronnel fed
at 535 ppm did not control house flies.

They claim his results to be

inaccurate because of shortcomings in his method*
The third paper in this series —* Ross and Sherman (1960) —
investigated the effects of the pesticides used in the preceding ex¬
periment cm growth and egg production*
a twenty-nine week

period*

The experiment extended over

They found that ronnel caused no weight

lossi loss of production* odor in the eggs* suppression of feed con¬
sumption* or mortality at the highest dosage tested* 100 mg/lb* of
feed*

Of the seven pesticides studied only ronnel and Dow ET-15 caused

no mortality to chickens at the highest dosages tested*

The authors

concluded that of the materials tested* ronnel and Dow ET-15 were the
least toxic to chickens*

In contrast* dlasinon at dosages of 70 mg

and 100 mg/lb* respectively* caused weight loss* mortality at the
former dosage* highly significant and significant depression of feed
consumption* and highly significant depression of weight gain in the
week old chicks*
This review of the literature indicates that ronnel and Dow ET-15
are the most promising pesticides tested to date where chemical con¬
tact with poultry is necessary or probable*

The chief weakness of

ronnel appears to be its poor residual activity in poultry manure*
It appears to be the pesticide of choice for the control of ectopara¬
sites provided it does not leave prohibitive residues in poultry
products*

The Brine Shrimp
Introduction
Sun (1963)

stated that* "For routine assay of actual residues

the (test) species must be highly sensitive (detecting #1 to 0.01
PP»*)» simple to rear* easy to handle* and uniform in responses.”

He

goes on to say, ”Since mortality of insects In bioassay Is correlated
with their response to toxicants* many factors affecting the activity
and physiology of Insects could affect bioassay results."

The pur¬

pose of this section is to review the literature to date* noting the
sensitivity of Artemia saline (Leach) to different toxicants* and the
biological and physicochemical characteristics of the animal which
may affect its response in bloassay.
Size* stage of development* age* sex* nutrition* light* relative
humidity (analogous to salt concentration in an aqueous environment)*
sanitation* population density* temperature and time of day are known
to influence test organisms in bioassay*

All the applicable factors

mentioned in the above list (plus pH) are known to influence the
growth and development of the brine shrimp*
The precise effects of each of these variables* singularly and
in concert with others* on the toxicity of common pesticides is needed.
Such studies may illuminate many physiological mechanisms of the
shrimp as well as the modes of action of the pesticide studied.
Standard rearing techniques could be developed that would utilize this
information to produce highly similar populations suitable for test-

ing*

In the absence of specific knowledge of these variables it is

necessary to use a standard rearing technique based on what is known
of the animal’s requirements*

Therefore, before developing a standard

rearing technique, it is prudent to review the literature so that
experimental work can be founded on what is already known of the test
animal*
The following review brings together information on Artemia from
many scattered sources*

While reading this review the factors wentr

• .

ioned above as influencing bioassay should be constantly kept in mind*
*

All articles or author abstracts were read by the writer except those
accompanied by an asterisk*

Articles so cited were not readily avail¬

able; therefore, an abstract was read in

the bibliography published

by Littlepage et al (1965)*

Taxonomy
Artemia spp* are widely distributed, and as will be seen very
variable animals genetically*

Their taxonomy is confused and involved*

A complete review of the taxonomic literature would be voluminous*
Such taxonomic review is beyond the scope of this paper*

It will

suffice to mention that Baird (1852), Packard (1883), Daday DeDees
(1910), Stella (1933), Kuenen (1939), and Barlgozzi (1957) all have
done extensive taxonomic, systematic and biogeographic studies with
this animal*

Daday DeDees (1910) classified

h,

saline thus;

Class

— Crustacea; Order — Anostrace; Family — Branchlnectidae; Genus —

Artemla Leach: Species — saline (Leach).
of four races:

Thta species Is composed

Koppenlana (S* Fisch*); Hilhausentl (G* Fish): arie-

tipa (S* Fisch,) and principalis (Sim.).

He lists their general

distribution as from the tropic of Cancer north to 64° latitude and
from the tropic of Capricorn south to 38° latitude*

The brine shrimp

has not been reported from South America*
Barlgozsi (1936*) considered A. sallna to constitute a collective
species, represented by diversified biotypes, with those of polyploidy
parthenogenesis, and amphigonia being produced by Independent action
and offering all the possible combinations.

Linder (1941*) described

the family of Artemildae as consisting of one species. A* sallna*

A

recent paper (Bowen, 1964a) disproved the findings of the last two
authors*

She demonstrated that bisexual males possessing a recessive

mutant autosomal gene failed to contribute genetic material to the
offspring of parthogenic females*

Therefore, the bisexual American

mutant and this parthenogenetic French stock are reproductively iso¬
lated*

Similar matings of thla mutant stock with seven populations

from Kexico, Canada, the Croat Salt Lake, Quemado, San Francisco, Mono
Landing, and San Diego demonstrated that no intrinsic barrier exists
to gene exchange between these groups*

She concludes that these

aiaphigonic groups represent geographic races within a single species*

Morphology
The developmental morphology of A* sallna has been thoroughly

treated by Heath (1924) and Weis* (1947)*

The former treated the ex¬

ternal morphology illustrating all of the developmental instars;
Weisz (1943)

treated the internal anatomy, histology and embryonic

development of the animal, correlating development to a precise growth
sequence independent of time#

Both of these authors provide two good

methods of judging the rate of development of the shrimp*

Weisz (1947)

includes an intensive study of the nuchal or neck organ, the digestive
system, the thoracic segments, the first and second antennae, the
mouth parts, aortic development, nervous system, blood cells, blood
*

forming organs, excretory Bystem, genitalia, and the abdomen*

Both

Weis* (1947) and Reeves (1963) describe the simple intestine and its
histological components*

Weisz*s (1947)

treatment of the nervous

system corroborates and expands the previous work of Warren (1930*)*
The latter author described the nervous system as consisting of two
separate ventral chains of eighteen pairs of ganglia extending from
the cerebral pair to the genital pair in a ladder-like formation*

He

reported that there are no ganglia in the abdomen; only a pair of
very small lateral or ventral nerves*

Cerebral, labral, post-esopha¬

geal, maxillary, and genital ganglia are considered in some detail*
The excretory system was treated by Weis* (1947) and Warren (1938).
It consists of two pairs of glands, one in the base of the second
antennae, functional in the larval form but disappearing by the six¬
teenth to seventeenth stage of Weisz*

The second pair are located in

18.
the first maxilla.

They start development in the third stage and are

matured by the nineteenth stage of Weis*.

They become functional

about the eighth stage and constitute the adult excretory system.
Vebstedt (1941) and Welsz (1947) describe the circulatory system.
It consists of a very primitive tube-like dorsal aorta with lateral
ostia much as in insects.

The blood circulates in through the ostia

and out the anterior opening.
valved.

All but the anterior openings are

There are two types of blood cells, a large phagocytic type

and a small Circulating type.

An extensive treatment of the blood is

given by Lochhead and Lochhead (1941).

These authors state that

Artemla contains numerous large phagocytic storage cells.

In well

fed animals these cells contain large droplets of fat and abundant
glycogen.

In starved animals the size of the cells is found to de¬

crease markedly and the store of fat and glycogen disappear.
The effects of salt concentration on the morphology of the shrimp
has stimulated much research and controversy.

Schmankewitsch (1877)

(according to§ and denied by Daday DeDees, 1910) reported that Artemla
transformed Itself to Branchings son, or Branchinecta spp. under
certain environmental conditions.

Heath quoted Schmankewitsch as

stating that changes in salinity caused morphological changes in Art¬
emis.

Bond (1939) was quoted by Bald (1959)

as having found that the

California (Monterey Bay) stock remained unchanged in different salin¬
ities.

Bald (1959) reported that Artemla which had shown variations

in response to environments had all been old world in origin and that

no variable Artemla had been found in the United States*

He stated

that using A* ealina from the Sarabhar Salt Lake in India* he had been
able to cause it to change into A. milhauaenli upon placing it in a
higher concentration of brine*

Changes occurred in the size of the

body (smaller) segmentation of the abdomen and in the cercopods (homo¬
logous to the cerci of insects)*

Since the animals would not change

from A* milhauaenli to A* aatina when placed in more diluted media he
concluded that A,* sallna was a neotenous form of A* milhausenil. an
adaptation allowing it to survive In the unfavorable saline conditions
*

of the lake*

^

Gilcrest (1960) measured the growth and form of brine

shrimp from California* France and Northern Africa under standard
conditions and two different salinities*

Her observations conflicted

with those of Bond (1939) and the statement of Bald (1959)

for she

found that all brine shrimp are variable In form under the influence
f

of the external medium* but that other factors such as sex and gen¬
etic constitution of the animal modify the results*

Bald (1963) again

reported growth differences in the brine shrimp from the Sambhar Lake
in response to different salinities*

Although his results agree with

his 1959 paper no mention is made of neoteny*
his previous statement however*
iates Weisz1

He does not retract

Gilcrest (1960) indirectly substant¬

findings (1946 and 1947) when she states that "Changes

in body form occur with Increase in the size of Artemias in particular
the abdomen becomes relatively longer*”

Weisz (1946 and 1947) re¬

ported a wave of development to pass down the animal from head to the

tail*

He disagreed with Gilcrest (1960) however when he stated in

1946 that different salinities had no effect on the body proportions
of the shrimp*

Weisz (1946) includes growth curves of shrimp reared

at different salinities*

He concludes that at a given time salinity

effects the size and stage of development of the shrimp*

Salinity

also influences the number of molts necessary to reach maturity*

Genetics and Reproduction
Judging from the relative amount of literature available on the
genetics of the brine shrimp, not much work has been done in this
area*

The few titles available coupled with the biology and physio¬

logy of the animal indicate that the genetic system in this animal
is truly a complicated and variable one*

Goldschmidt (1952) worked

extensively with two parthenogenetic strains of shrimp from Palestine
and to a limited extent with a bisexual strain from the United States
(Lake Marina)*

The parthenogenetlc strains were shown to be a pent-

aplold polysome and a trlplold*
in this latter strain*

A few diploid individuals were found

She found that the chromosome numbers were

constant in different eggs of the same female*

The bisexual United

States 8train was found to be diploid with forty-two chromosomes*
Goldschmidt (1952) speculates that the polyploid condition may be the
mechanism by which the species became adapted to saline waters*
Barigoszi et al (1942) demonstrated that polyploldlsm may be Induced
in the cells of Artemia by treatment with colchicine*

Goldschmidt

(1952) observed many abnormalities in the maturation divisions of the

eggs of the parthenogenetic strains,

She concludes that these eggs

are very unstable, a condition necessary for parthenogenetic develop¬
ment*
Goldschmidt*s (1952) findings that the chromosome numbers are
constant in different eggs of the same female complements two papers
by Barigozzi (1940 and 1941)*

In the former paper he reported that

inheritable nuclear sine differences occur in different pure lines
of parthenogenetic polyploid forms of A* salina having the same chrom¬
osome number*

In the second paper he found that although somatic size

did not vary greatlyt some individuals had nuclear areas much greater
or smaller than the normt such animal groups are called macro- and
mlcro-pyrenics respectively*

These differences in nuclear size were

not correlated with somatic size or chromosome number*

Barlgozzi

(1941) hypothesizes that nuclear size is gene controlled*

The same

author in 1957 wrote a review of work dealing with the karyotype of
A* salina.
Bowen (1962b*)

suggested that sex determination in Artemla is

chromoaomally, not environmentally controlled*

One reason for this

hypothesis is that a gynandromorph reared in her laboratory had sep¬
arate reproductive systems*
reproductive system*

The half uterus did not join the male

Bowen (1964b) stated that the female brine

shrimp was heterogametlc*

In this paper she demonstrated that the
j

cross-over ratios for white eyes—partially sex linked 9 recessive—
J

varied according to the source of the Y+ chromosome in the F^X^Y^y;

.
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*

X^X^ O'cross*

Thus some rearrangement of loci has occurred on the Y+

chromosome of some geographical races of the United States and Canada.
Bowen (1964) succeeded in creating a pure-bred mutanti phenotypically a garnet eye color determined by a recessive autosomal gene.
This mutant stock was used to check the occurrence of pseudogamy in
the Californian and Utah stock.

In thirty-nine crosses pseudogamy

never occurred.

Feeding and Nutrition
Weisz (1947) described the feeding mechanism as consisting of an
external food groove which lies ventrad between the branchia on the
ventral surface and runs caudad to the circular opening of the mouth.
Reeve (1963a) demonstrated that food particles are automatically and
indiscriminately washed up this grove and into the mouth by the action
of the branchia.

Furthermore* Reeve (1963a) showed that the rate of

Ingestion varies with the concentration of food particles until a
maximum ingestion rate is reached.

Further increases in food concen¬

tration cause decreases in the filtration rate.

He found that the

maximum ingestion rate is higher in young animals than in older indi¬
viduals and varies according to the reproductive cycle of females.
The filtration rate is Independent of cell size while the ingestion
rate is inversely related to cell size.

The total volume of cells

ingested was constant regardless of cell size.

Reeve (1963b) showed

that fortemla cannot discriminate between certain particles in sus¬
pension.

The quality of the ingested particles is dependent on the

.
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suspended material and is not controlled by the animal.

In a third

paper Reeve (1963c) hypothesized that the maximum ingestion rate was
controlled by back pressure created by the anal sphincter muscles.
He speculates that the anal sphincter muscles are coordinated with
the delaaination of peritrophic membrane.

Thus, according to this

theory, the delamination of the membrane indirectly controls the
ingestion rate.

Reeve (1963a) apparently contradicts himself by stat¬

ing that starved Artemia cast off empty fecal pellets and that food
does not move in the gut of starved animals.
The nutritional requirements of A. salina have been studied by
Provasoli et al (1959a, 1959b),

The technique they used was to rear

Artemia in axenic cultures, controlling the available food.

The com¬

ponents of the successful medium were trypticase, liver infusion,
hydrolyzed RNA and DNA, blood serum, sucrose, cholesterol, paramecium
factor, glutathione, a mixture of B vitamins and starch particles*
Glutathione, thiamin and folic acid were found essential even in the
presence of trypticase and serum*

Insufficient swallowing occurs in

the absence of solid particles, for with the removal of starch,
development failed after the third stage metanaupli even though the
required nutrients were in solution*

Hemandorena (1963*) noted

deliterious effects in brine shrimp cultures fed on vitamin B12 defi¬
cient diets*
effects*

He was uncertain whether these were direct or indirect

Physiology
The physiology of an animal is affected by genetical, nutrit¬
ional and environmental factors*

In turn the physiological state of

/

the animal influences all responses to stimuli*

Therefore, when uni¬

formly increasing responses are desired to uniformly increasing
stimuli the Importance of having populations which are genetically
homogeneous and reared under constant nutritional and environmental
'H vi

conditions is difficult to over-emphasize*

The following review is

a compilation of the various pertinent physiological mechanisms of
Artemia found in the literature*
The brine shrimp is one of the most euryhaline animals ever to
exist*

The effects of various kinds and concentrations of ions on

the physiology of Artemia has been extensively investigated by Croghan
in a series of five papers*

His first paper (1958a) investigated the

relative toxicity of various ions to the adult shrimp# using distilled
water survival (24 hours) as a neutral standard*

Sodium chloride,

bromide and mannitol in solutions isotonic with sea water were found
to prolong life*

Sodium sulfate, sodium benzene sulfonate, sodium

nitrate, magnesium chloride, calcium chloride, choline chloride, and
lithium chloride were classified as slightly toxic and are listed in
the order of Increasing toxicity*

Rapidly toxic substances were

dilute acids, sodium bicarbonate, metabolic inhibitors, alcoholic and
aqueous fixatives and potassium salts*

The high toxicity of sodium

bicarbonate is interesting when one remembers that in alkaline waters

most C(>2 becomes bound in the carbonate form.

Croghan (1958c) showed

that potassium ions are competitive with sodium ions for entry into
the animal.

He speculates that this is the reason for the highly

toxic nature of potassium.
These experiments by Croghan expanded and corroborated work pre¬
viously done by Martin et al (1921*),

These workers compared the ef¬

fects of NaCl» KClt CaCl2 and MgCl^ singly and in combination in ex¬
tending the motility of Artemia.
normal standard (30 hours)*

The solutions were found to support

motility in the following orders
MgCl2> KC1.

Distilled water was used as the

NaCly distilled H^O >CaCl2 -

No combination of these salts prolonged motility longer

than NaCl alone.

No combination of salts lacking NaCl prolonged mo¬

tility longer than distilled water alone,
Croghan (1958b) showed that A, aallna could survive in brine
equivalent to ,26% saturation with NaCl to crystallizing brines.

He

found that the osmotic pressure of the hemolymph Increases only slightly
as the medium is made more concentrated.

The bulk of hemolymph osmotic

pressure is accounted for by the Na and Cl ions; their ratios with
>

other ions are constant and independent of those in the media.

These

results have been substantiated and expanded by Kratowich et al (1965a),
They showed that the addition of 2, 4V dinltrophenol to media contain¬
ing different concentrations of sodium ions increased the respiration
rate but did not result in a change in the whole body sodium ion con¬
centration except at the very highest concentration of ions.

.
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The results of these authors disagree with those of Plattner
(1955*) who stated that the osmotic pressure of the hemolymph is reg¬
ulated by the salt concentration of the sea water.

Eliassen (1952*)

found that the rate of metabolism decreased with increasing salt con¬
centration.

Gilcrest (1959) questioned these findings.

She shewed

that the Oj consumption in males increased at lower salinities where¬
as that of females does not.

She states that Eliassen (1952) did not

distinguish between males and females and that his results9 which
differed only slightly were not subjected to statistical analysis.
Kratowlch et al (1965a) tested sexually undifferentiated shrimp.

Her

results and those of Gilcrest (1959) are in agreement.
The fourth and fifth papers in the series. Croghan (1958dg 1958e),
deal with the mechanism of osmotic regulation in Artemia.

The former

paper shows that the cuticle of the first ten pairs of branchia is
the only part of the integument that is appreciably permeable and
that injury to the underlying epithelium destroys the animal's ability
to withstand highly hypertonic environments.

The nuchal organ of the

nauplii is shown to have corresponding properties.

Croghan (1958d)

concludes that the epithelium of the first ten pairs of branchiae is
the site of active NaCl excretion in hypertonic media and probably of
active uptake in hypertonic media.

The nuchal organ of the nauplii

performs this function before the branchiae develop.
deals with the uptake of water from the medium.

The fifth paper

Croghan (1958e) con¬

cludes that Artemia is continuously taking up water from swallowed

*
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media across the gut wall*

This is accomplished by actively secret¬

ing NaCl across the gut epithelium into the hemolymph.

This does not

lower the osmotic pressure of the gut contents below that of the hemolyraph, howevert so that the crossing of water from the gut to the
hemolymph is an active process.

The salt is excreted from the herao-

lymph across the branchia into the media*

He states that these find¬

ings disagree with those of Boone and Bass Becking (1931) and Kuenen
(1939) who claimed the gut could be sealed at both ends and water
control remain unimpaired.

Another investigation by Croghan (1953a)

strengthened these recent findings by showing that increased salin¬
ities result in markedly increased fluxes between Na and Cl in the
hemolymph and in the media.
The subcellular basis of this homeostatic mechanism of salt equilibriation for both the mosquito and the brine shrimp was studied by
Copeland (1964at 1964b).

The first deals with the mechanism in mos-

.

quitoes; the second includes Arteiain*

Using the electron microscope

Copeland (1964a) examined the anal papillae of mosquito larvae reared
in distilled water and the metopodite segment of the branchia of
Artemia reared in triple strength sea water.

The cells of the mosquito

papillae show five parallel infoldings from the cuticular surface.
The folds are at rigid right angles to the long axis of the entire
papilla and their tips are associated with mitochondria oriented in
the same direction.

The plasma surface is indented into a msshwork

of caniculi permeating the body of the cell.

At frequent intervals.
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pairs of flattened pancake-like mitochondria are clamped on the shelf¬
like projections of the canictili.

The membranes are in extremely

close and parallel association forming an apparatus called the mito¬
chondrial pump#

The cells of Artemia have the same general structure

except that the mitochondrial pump is found in exaggerated form, ten
to fifteen flattened mitochondria piled in rows like stacks of coins
with canicular spaces evenly distributed between them*
The metabolic rate of an animal is directly proportional to its
energy consumption and affects its growth rate, physiology and sus¬
ceptibility to toxicants*

Bertalanffy et al (1953*) showed that at

30°C* oxygen consumption in A* salina from nauplius to adult follows
Rubner*s surface rule*

Eliassen (1952*) found that a temperature in¬

crease from 14° to 22°C, caused a decrease in 02 consumption*

As

mentioned above, he found the metabolism decreased very slightly with
increasing concentration of the external medium*

Gilcrest (1956 and

1959) investigated the oxygen consumption of Artemla in different
salinities*

The first paper concluded that the O2 uptake for females

is independent of brine concentration and is proportional to the *662
power of the dry weight*

The other paper (Gilcrest, 1959) dealt with

the oxygen consumption of males*

Unlike females, the water content

of males increases with lower salinities, and with Increase in size*
The oxygen consumption also increases in lower salinities*

It is

concluded that these changes are correlated to the increased size of
the second antennae of males raised in lower salinities*

Using Gil-

.
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crest's data (1956) Croghan (1958c) estimated that at the highest rate
of ionic exchange observed by him, Artemia uses about 6% of its avail¬
able metabolic energy for ion exchange.

This value is considered well

within the metabolic capabilities of Artemia.
Another variable in the culturing of aquatic organisms is the
effects of various

concentrations on the population.

Fox et al

(1955*) showed Artemia to be indifferent to salt water 100%, 21% and
4% saturated with oxygen*

Gilcrest (1954) demonstrated that hemoglobin

is present in the blood of Artemia.

Its concentration is in direct

proportion to the salt content and Inversely with the O2 content of
the water.

She shows hemoglobin concentration to be the result of

the low saturation value of oxygen in water over 125 00/0«

The presence

of hemoglobin is beneficial to such animals having much the same func¬
tion of hemoglobin in Daphnia as reported by Fox et al (1951).
Besides hemoglobin, other pigments have been described in Artemia.
Dutrieu (1959*) described the red pigment to be hemoglobin and the
green pigment to be chlorophyll a and b.

Gilcrest et al (1960) denies

that the green pigment is chlorophyll a and b and describes it as an
unidentified pigment residing in the blood; especially in males reared
on a yeast diet.

In this paper the authors state that the bright

orange color of nauplil and some adults is due to a carotenoid pigment
esterlfied astaxanthln also present in the eggs.
reared on bakers yeast contain astaxanthln ester.

They note that shrimp
The presence of

astaxanthln in adult Artemia is determined in relation to the type of

food.

It appears that astaxanthin is transformed via ketoearotenoids

from the precursor B-carotene found in algae food.

Krinsky (1964)

found canthaxanthin to be the major carotenoid in Artemia.
Very little information is available about the enzyme systems
of Artemia.

Kratowich (1965) has suggested that a cytochrome oxidase

is one of the respiratory enzymes present.

She also concluded that

at least one other respiratory enzyme is present.

Russo-Coia et al

(I960*) studied the enzymatic hydrolyses of ATP in the embryonic
development of diploid and tetraploid biotypes of Artemia salina.
They showed that when the yolk supply becomes exhausted and there is
a concomitant increase in motility and feeding, the enzymatic activity
increases.

Diploid Artemia show a significantly lower ATPase activity

than the tetraploid blotype.

Embryology and Development
The embryology of Artemia further illustrates the animal’s adapt¬
ation to life in evaporating brine pools.

This subject has an import¬

ant bearing on the use of this animal in bioassay because it provides
information concerning the animal's embryological requirements and
sensitivities which are important to control when homogeneous popula¬
tions are to be reared.
The embryology of A. salina reflects its plastic genetic, and as
will be seen, physiological make-up.

As mentioned above (Bald, 1959)

stated that all Hew World brine shrimp are amphigonic while most of

the Old World forms are parthenogenetlc.

Goldschmidt (1952) states

that unfertilized eggs stay indefinitely in the oviduct, fertiliza¬
tion being necessary for any further development in the New World
forms.

Bowen (1962a) denies this and in a complete description of

the reproductive cycle states that the eggs pass into the oviduct
after a molt (either after the molt to reproductive maturity or after
the preceding eggs are expelled).

They remain here from one to forty

hours whether copulation occurs or not*
the oviduct.

Fertilization must occur in

They then pass into the uterus, and remain there three

to five days, after which they are expelled into the water.
ilized eggs are non-viable and thin-shelled.

Unfert¬

Such eggs from unfert¬

ilized females have also been observed by this and other authors.
Bowen's description of this process substantiates that of Lochhead
et al (1940*).

The latter authors described the formation of the egg

shell in the uterus.

Gilcrest (1960) showed that oviparous cysts

from females containing hemoglobin also contained the pigment but that
unlike Daphnia, here the pigment is confined to the shell of the cyst;
the embryo having none.

Whether the shell-bound hemoglobin is an aid

in absorbing oxygen for the embryo is not mentioned.
Brine shrimp are both oviparous and ovoviviperous

(Jenson, 1918;

Bowen, 1963; Lochhead and Lochhead, 1940; and Gilcrest, 1960; and
others).

It was shown by Jensen that the egg stage is the over¬

wintering form in the Great Salt Lake and that eggs hatch at temper¬
atures as low as 20°C.

He also found that eggs will not hatch in

solutions concentrated almost to saturation.

This is in disagreement

with the finding of Jennings (1941), as we shall see«
As early as 1881, Certes* reported that the eggs of A. salina
can withstand prolonged drying*

Dempster (I960*) reported that the

viability of eggs stored in a vacuum did not decrease after five
years*

A second lot stored in a screw-top jar, under similar condi¬

tions, for the same length of time, failed to produce any nauplll*
Whitaker (1940*) reported cysts withstood temperatures of -190°C* for
seven to twenty-four hours and high vacuums (approximately 10~^tmnHg)
for periods up to six months without impairing the percentage or rate
of excystment*

Bowen (1963) reported that dried cysts stored in a

freezer did not decline in viability but that those stored at room
temperature did*

Snipes et al (1963) showed that water vapor protects

the cysts from radiation damage or heals the damage*

They also showed

that water vapor neutralized the radiation-induced free radical of
oxygen before it could damage the eggs*
Weisz (1947) presented evidence that the segmentation and devel¬
opment in the head of the embryo followed a rigid segmentally repet¬
itive pattern*

In this paper the entire larval development of Artemia

is fully described*

In the course of the account he suggests that the

neck organ (nuchal organ) acts as an anchoring structure for the large
muscles of the second antennae (the principal swimming organs of the
nauplll)*

As the second antennae regress, the nuchal organ also re¬

gresses disappearing by the nineteenth stage of development*

The

segmental development of the thorax as described by Weisz (1947) is

,
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important here because it provides a method of measuring development
on a growth basis; Independent of time or environmental effects.
The stage number is defined by the number of body segments present,
A body rudiment becomes a segment four stages after it first appears.
At stage zero—hatching—‘four thoracic rudiments are present.

The

first body segment is laid down in stage one and at stage eleven,
eleven body segments are present.

Ten stages after its appearance as

a rudiment an appendage becomes independently motile and is consid¬
ered mature.

Thus the first segment matures in stage seven; the fifth

in stage eleven.

Since no thoracic growth occurs in stages twelve

and thirteen, when the genital segments are being laid down, thoracic
segments six to eleven mature twelve stages after rudiment appearance,
eight stages after segmentation, at stages fourteen to nineteen re¬
spectively,

Excyetment
Jennings et al (1941) observed the method of oviparous excystment and the effect of salinity on this process.
in two steps.

Excyst merit occurs

First the cyst is ruptured and the naupllus, still

enclosed in a membranous envelope emerges.

Later the envelope dis¬

solves or ruptures and the naupllus swims away.

In sea water of

specific gravity l,025c pH 7*8 to 8,0, at 25,0°C#, 50% emerge from
the cyst in 12,5 hours and hatch from the membrane approximately
twenty hours from wetting.

They reported that in salinities from

1/4 to 2 1/4 times normal sea water hatching is normal.

i

Emergence is

affected by salinity* however* because in distilled water naupuli
hatch from the cyst but never emerge from the membranous envelope*
In 12*5% sea water 83% of the embryos hatched*
water 96 to 99% hatch*

In 50% to 225% sea

In the salinity range 25 to 125% sea water

the rates of hatching and emergence are almost constant*

Emergence

declines however in salinities over 150% normal sea water*

All emerged

embryos appeared normal*
Boone et al (1931*) observed that the second step of excystment
is very dependent on the chemical environment*

Both steps were found

to be environmentally dependent however; the optimum temperature be¬
ing 30°C*

They described the optimal concentrations of salts and

noted that they differed slightly for the unhatched embryo and the
nauplius*
Dutrleu (I960*) noted that prior to excystment trehalose is util¬
ized by the embryo*
protein increases*

During excystment the metabolic usage of a nonLipids are mainly metabolized after excystment*

Ecological Variance
In the above sections we have seen that the morphology and phys¬
iology of the brine shrimp varies with salinity; other investigators
have found variances due to other ecological phenomena*

Artom (1906*)

reported that salinity changes affect the morphology of haploid indi¬
viduals differently than they affect diploid individuals*

Abony

(1915*) and Labb4 (1926*) reported that the pH affects the thorax:

abdomen ratio.

Ciabatti et al (1930*) reported the physiological

responses to the same stimuli in different salinities.

He found the

following extracts of ox tissue to be beneficial to the shrimp5 the
suprarenal cortex, testicle, thyroid and corpus luteum.
renal medulla was toxic.

The supra¬

All responses varied with the salinity*

Hess (1919) noted that A. salina reacted to changes in illumina¬
tion.

Belisai (1929a. 1929b*) described the phototaxic responses of

A. saUxja.

While the naupllus has only the median eye it is positively

phototaxic. but as the compound eyes develop it becomes negatively
phototaxic.

bight intensity, light and dark adaptation to colored

lights, salinity and other physicochemical factors of the water serve
to modify the phototaxic reactions.

Seifert (1932) reported that the

negative phototaxic reaction of Artemia Is reversed in diminished light
and after the introduction of

in the water*

Elevation of the

temperature modifies phototaxis.

Loehhead (1936*) reviewed the

literature concerning the body orientation of the Branchiopoda.

He

suggested four possible controlling factors which Influence body
orientations aeration of the water; center of gravity; surface re¬
sistance; and light response.

He concluded that Arteroia is particu¬

larly effected by light.
Fraenkel et al (1961) stated that Artamla shows a strong ventral
light reaction; orienting the ventral surface toward the source of
light.

The nauplil which have no compound eyes do not show the re¬

action. the reaction appearing as the compound eyes develop.

If one

eye is removed Artemla roll continually; if both eyes are removed
the light reaction disappears.

The authors conclude that Artemia

orient themselves ventrad to the light source by means of their com¬
pound eyes.

Toxicology
Several substances commonly found in the natural environment of
Artemia have been noted to have toxic properties under certain condi¬
tions.

Certain ions commonly found in brines are known to be toxic

to Artemia: Croghan (1958a) and Boone et al (1931).

Fox (1933*) noted

that the heart of Artemia fails to contract in the presence of CC^.
At pH 5.2 both heartbeat and swimming activities stopped.
The sensitivity of Artemia to some artificial stimuli introduced
into the environment has been reported.
tion.

One such stimulus is irradia¬

One paper dealing with this subject (Bowen# 1963) has been

previously discussed in the section treating genetics.

Bonhan et al

(1951*) found the X-ray LD 50 for wet Artemia eggs is 80 kr; for dry
cysts over 93 kr are needed.

Easter et al (1961*) found that the

irradiation of eggs with heavy ions changes the survival curves to
exponential ones.

Grosch et al (1955) found that adult shrimp with¬

stood X-irradiation almost as well as holometablous insects.
males are killed by 200 krt the females by 150 kr.

The

The authors attri¬

bute this to the fact that neither insects nor the shrimp depend on
mitotic division as adults.
females to be 200 to 3V000 r.

They found the sterility dose for Artemia
This is lower than in insects with

polytrophic ovariolea and higher than in grasshoppers with simpler
panoistic ovarioles*
Very little literature Is available on the sensitivity of the
brine shrimp to plant and animal extracts*

As mentioned above Cia-

batti et al (1929) found an extract of the suprarenal medulla of the
ox to be toxic*

However, other aquatic organisms have been found to

be very sensitive to a wide range of such extracts*

Kawar (1964)

concluded that the use of Daphnia raagna as a tool in bioassay residue
studies was limited severely because of the toxic action of a wide
variety of untreated plant extracts*

Similarly Sun (1963) reported

that the sensitivity of mosquito larvae to plant extracts is a serious
problem when using this organism in quantitative bloassay.
In order for an animal to be of use in bioassay, it must be
sensitive to microquantities of the toxicant being assayed*

The fol¬

lowing sensitivities have been reported for A* salina (L), for various
commercial toxicants*

Conner et al (1956*) found Artemia to be rela¬

tively resistant to copper and mercury compared to the other two
crustaceans tested*

Std>lethal doses of nercuric or copper compounds

lowers the resistance of Artemia to the other compound, however*
Fisher (1935*) found that not only did a parthogenetic form of
Artemia differ in sensitivity to sodium arsenite when compared to the
bisexual form; but consistent differences in susceptability existed
between parallel families of the bisexual race*

This is the only

article found comparing the susceptibility of different forms of

Artemia to a toxicant*

As cited above, other evidence exists indicat¬

ing that genetic differences occur between the diploid and parthenogenetic forms and between subgroups of the diploid form.

Michaels et

/

al (1956) found chlordane0 methoxychlor, lindane, toxaphene, and DDT
all capable of measurement at .01 ppm.

Areekul et al (1962) listed

the LD 50 and slope of thirty-one compounds for

Am

salina. Drosophila,

melanogaster. Cryptolestes ferruglneua (rusty grain beetle), and
Tyrophagua putreacentiae (mushroom mite).

They concluded that Droa-

nhila was the most convenient organism but that the brine shrimp and
the mite were sufficiently sensitive and produced steep enough slopes
to be of use in measuring specific acaricides*

The shrimp was also

sensitive to chlorinated hydrocarbons, cyclodienes, and phosphates
with the exceptions of malathion, demeton, phorate and schradan.
Tarpley (1958) tested various instars of brine shrimp with DDTt parathion and dieldrin*
the order listed.

He found the animal sensitive to the pesticides In
The shrimp exhibited significant variation in

sensitivity in the course of development only to DDT and dieldrin.
Typically, sensitivity increased from the third to the sixth instars
and then decreased in the adult stage.

The three LD 50s in the ninth

instar were DDT .Olppm., parathion .38 ppm., dieldrin »68ppm.

Culturing Brine Shrink
*

>

The research emphasis in culturing brine shrimp has been influ¬
enced by its use as a fish food.

No standard techniques suitable for

bloassay purposes have been found, in this review.

Examples of the

3?.

general methods are the articles by Keliherer (1948*), Black (1951*)
and Brown et al (1951*)*

The first article consists of step by step

instructions for hatching the eggs.

The latter two articles give

general instructions on rearing the nauplii*
environmental standardization.

No attempt is made at

Other authors such as Hasler (1937)

mention that shrimp can be reared by modifying techniques used for
other organisms* in this case Daphnia.
More detailed investigations have been carried out concerning the
varying effects of food and chemical constituents in the media*

These

topics have been reviewed in the sections dealing with nutrition,
physiology* and toxicology.

Only specific articles concerning cultur¬

ing techniques will be mentioned here.
Teramoto et al (1961) found that the addition of chelated iron
and manganese to the brine accelerated the growth rate* lowered mortality and increased fecimdity.

They reported that the addition of

vitamin B complex to Bakers Yeast increased the value of this food.
Bibor (1956) reported that under ideal conditions Artemia fed Dunadiella viridis exhibited a metabolic conversion rate as high as 53%.
Rosenthal (1949*) stated that the natural life span of amphigonic
shrimp is four months.
Two authors that have described mass culturing techniques of A.
salina are Neumann (1935*) and Provasoli et al (1959a and 1959b).
The technique described by the former author is dependent on algae
growing in the media.

The disadvantage of this system is that such

a nutritional source Is extremely variable*

The latter technique over-

comes this problem by being an axeuic method*

The problem here* how¬

ever* is the cumbersomeness of culturing under sterile conditions*
A culturing method meeting the needs of bloassay remains a problem*
Another problem which commonly plagues cultured animals is para¬
sitism*

Parasitized animals are likely to be unsuitable for bloassay*

Graeff (1900*) published biological notes on the commensals* para¬
sites and symbiotes of Artemia and Socculina*

Codreanu (1957*)

described Nasema exigus* Glugea artemiae* Gurieva dispersa and Plistophora mvotrophia as occurring in A* salina from littoral salt pools*
Only G* artemiae was found in animals from inland salt pools*

Heldt

(1926*) described a cystlcerold parasite in A* salina from Tunis*

The

parasite is usually found along the digestive tube but is occasionally
found in the head*

Young (1952*)

reported the cestode larva Gysti-

cercus mirabllis in brine shrimp from Mono Lake and salt ponds near Chula
.

Vista* California*

..

»

Feeding experiments with gulls (Larua califomicus)

proved it to be the larva of H* califomicus* a parasite of this bird*

Conclusion
The brine shrimp appears to have good potential as a tool in
bioassay*

It is sensitive to wide ranges of pesticides* it need not

be continuously cultured* considerable nutritional and environmental
needs are known*

Criteria used to determine death may be inability

to swim (Michaels, 1956)* deviation from normal swimming patterns and
phototropic responses (Tarpley, 1958)* or more quanta! responses*
The aqueous suspension of toxicant eliminates variability of contact

and repellant problems often encountered with other techniques*
Limitations in the use of brine shrimp are its inability to be
tested by topical application or injection, its lack of sensitivity
/

to soma pesticides, and the highly toxic affects of certain plant
and animal extracts*

.
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Materials and Methods
As stated previously, the purpose of this paper Is to determine
the presence of ronnel or any other possible toxic residues in chicken
egg yolks

following treatment of the birds with ronnel by colorimetric,

gas chromatographic and bioassay techniques.

In order to obtain yolks

containing the pesticide, three experiments were performed in which
groups of White leghorn hens were treated three times each with tech¬
nical ronnel.

Established chemical methods were used to perform the

two chemical analyses.
shrimp was developed.

A standard bioassaying method using brine
The following is a detailed description of these

methods.

Section I - Treatment of Birds
Experiment I.

On July 10,

1963,

100 White Leghorn hens were

transferred to six consecutively numbered 10 by 12
at the Tilson Farm.

Fens

foot range houses

#1 and #2 received 18 hens each; pens #3

through #6 received 16 hens each.
wood shavings were spread on the

Approximately six inches of fresh
floor of each house to serve as litter.

■

The litter of the houses to be treated received three applications at
three week Intervals

(August 5, 26, and September 16)

ronnel formulation M1435.

Pens

with 5X granular

til and til were left untreated, pens

and #4 were treated at a rate of 0,5 lb,
sq.

ft,, pens #5 and #6 received 1.5 lbs.

sq,

ft.

of this

#3

formulation per 100

of this formulation per 100

Therefore, the dosages equalled approximately 0.114 g and

0,341 g of active ingredient per sq,

mmmSm

ft, respectively.

Food and water

were removed during treatment*
weighed and broad-cast by hand*

The desired amount of formulation was
The birds were fed and watered and

eggs were collected dally*
Throughout the experiment* pens were entered consecutively from
the lowest to the highest dosages to avoid contamination of the con¬
trols or tracking higher concentrations of pesticide into the lower
dosed pens*

All hens were continuously fed laying pellets

feeding trough*
type drinker*

from a

Water was continuously available In a standard demand
Eggs were counted* the yolks separated* the eggs of

each pen placed in a 1/2 pt*

ice cream container and quick frozen on

the day of collection*

Experiment II*

On April 19* 1965* 15 caged White Leghorn pullets

which had come into production the preceding month were randomly
divided into four wire cages* approximately three feet cubed* and
individually banded*

The cages were situated in an experimental

poultry house which was maintained on a 14-hour day*

Four birds were

placed in each of the first three cages* three birds in the fourth
cage*

The birds were fed laying pellets and watered continuously

by means of automatically filling troughs hung outside the wire*

On

April 20* 21* and 22* all birds were weighed and on each of these days
the birds in pens #2* #3* and #4 received the
ronnel dissolved in corn oil!

following dosages of

100* 200* and 400 mg/kg*

Therefore*

the total treatments equalled 300* 600 and 1200 mg/kg respectively*
The dosages were orally administered directly into the crop by a

plastic tube attached to a 30cc syringe.

Pen #2 received a concentra¬

tion of 10 rag ronnel/cc of corn oil; pen #3,20 rag ronnel/cc and pen
#4, 40 mg ronnel/cc.
of com oil.

In this way all birds received the same amount

Pen #1 served as a control and each bird was fed 10 cc

of com oil without ronnel.
Eggs of each pen were collected daily, counted, the yolks separ¬
ated, placed in 1/2 pt. ice cream containers and quick frozen as above.
On May 11, 1965 the birds were weighed and sacrificed.
Ronnel is not directly soluble in com oil so the following pro¬
cedure was developed*

A solution of acetone containing .1 g/ml of

technical ronnel was prepared*

Thirty, 60 and 120 ml of this solution

was added to three of four 300 ml portions of com oil contained in
battery jars.

The appropriate amount of pure acetone was added to all

four containers so that they contained 120 ml of acetone.
was evaporated overnight under a fan.

The acetone

All contained 300 ml after

evaporation.

Experiment III.

In order to obtain more eggs containing the high

quantities of residues required in the bloassay tests and also to dup¬
licate, refine and extend the results of Experiment II, on July 15,
1965 a similar experiment was performed using birds from the same flock
V

and under the same light conditions as the second experiment*
one birds were randomly separated into 31 single-bird units.
were then numbered and divided into five blocks.

ThirtyThe units

Blocks one through

four contained six birds each; number five contained seven birds.
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On July 20t 21, and 22 the following dosages of technical ronnal
In corn oil, prepared as above, were applied.

Block #2 received

300 mg ronnel/kg; block #3, 400 rag ronnel/kg; block #4, 600 mg ronnel/
kg; and block #5 received 800 mg ronnel/kg.

These dosages were ap¬

plied each treatment day at concentrations of 30 mg/ml, 40 mg/ml,
60 mg/ml and 80 mg/ml, respectively.
com all.

Block #1 received 10 cc/kg pure

As above, all birds received equivalent amounts of com oil.

All eggs were collected dally, separated and the yolks placed in indi¬
vidual "Baggies" brand plastic bags, numbered, sealed, and quick
frozen.

The numbers on the bags corresponded to the producer's number,

thus each frozen yolk could be traced to the appropriate hen.

On July

30, 1965 all birds were weighed and sacrificed.

Section II - Methods of Analysis
Colorimetric Analysis
The colorimetric method described by Borough and Arthur (unpub¬
lished) was used.

The method was developed for determining ronnel In

chicken breast, drumstick, thigh, skin, liver, gizzard, egg yolk and
egg albumen.

The authors claimed a sensitivity of 0*25 ppm and re¬

coveries of at least 80% In all products except egg white from which
74% was recovered.

Basically the procedure consists of extracting

the ronnel from the tissue by grinding it In a Waring Blender with
acetonitrile followed by acetone.

The solvents are combined, evapor¬

ated to an aqueous residue, and the ronnel hydrolysed with mathanolic
•odium hydroxide to form 2, 4, 5 trichlorophenol.

The trichlorophenol

is acidified and separated from extraneous materials by steam distil¬
lation*

After the distillate is extracted with chloroform, it is
✓

further purified by extraction with concentrated sulfric acid*

The

/
trichlorophenol is returned to aqueous solution by extracting the
chloroform with a dilute solution of sodium hydroxide solution which
is then subjected to a second steam distillation*

The color is dev¬

eloped with 4-aminoantipyrine in the presence of potassium ferrieyanide*

The ronnel equivalents were determined photometrically using a

Beckman Model OU Quartz Spectrophotometer at 475 mu*
,

,

Standard curves
T

were drawn by spiking untreated eggs with sequentially increasing
amounts of ronnel and plotting the corrected readings against the
dosages*

Gas Chromatography
Burke et al (1962) observed that ronnel could be measured by microcoulometric gas chromatography*

The extraction and preparation of the

egg yolks for gas chromatography used in this work followed the method
described by the Food and Drug Administration Department of Health*
Education and Welfare 1963*

Using this method the yolks were extracted

three times with special redistilled acetonitrile (redistilled over
phosphorous pentoxlde), then extracted into redistilled petroleum ether
(by diluting the acetonitrile phase with water)v and then evaporated
to about 50 ml*

The ronnel was extracted from the remaining petroleum

ether into special redistilled acetonitrile saturated with petroleum
ether*

This petroleum ether extract was dried over anhydrous sodium

sulfate, evaporated to about 10 ml and absorbed on a florisll column
o
o
previously activated at 1200 C. and stored at 130 C.

Ronnel was

eluted from the column using a 6% solution of ethyl ether in petroleum
ether*

The pesticide was transferred into hexane by three tiroes

altematingly evaporating the eluate almost to dryness and then re¬
plenishing it with hexane*

The hexane samples were then diluted to

a known concentration for injection into the chromatograph*
The analyses were made by using a Wilkens Instrument and Research
Inc* Hi-Fi Gas Chromatograph, and a Perkin Elmer Gas Chromatograph
Model 801*

Both Instruments are equipped with electron capture de¬

tectors, pyrex columns, and disc integraters*

Early analyses (before

January 1966) were made solely on the former instrument*
date both instruments were used*

After this

Through September 1965 the column

-X

of the Wilkens instrument was packed with 10 DC Silicone 200 on
Anakrom ABS, 80/90 mesh*

After this date the columns of both machines

contained 5% Dow 11 on Chromosorb W 60/80 mesh*

The column of the

Wilkens instrument measures 5* by 1/8"j that of the Perkin Elmer
measures 6f by 1/4" oil*
‘

•
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•

The response of the two machines was compared
•;

,
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directly by running sub-samples of the same extracts through both
machines,
ronnel*

followed by sub-samples of the same standard solution of
Standard solutions of ronnel were run with every analysis in

such a way that the height of at least one standard curve closely ap¬
proximated the height of each unknown*

This procedure served the

purpose of giving accurate quantitative and qualitative analysis of
the compound*

The three most popular methods of calculating the results mechan¬
ically recorded for known and unknown curves are to compare the areas
under the two curves drawn by the recording instrument using a disc
integrator, or triangulation or by comparing their respective peak
heights*

To test the most accurate of these methods as well as to

determine the accuracy of the total procedure blank eggs were spiked
by a second party with amounts of roimel unknown to the experimenter
but within the extremes of the residues encountered*

These extracts

were diluted to 5 ml volumes and tested at a high attenuation, and
then diluted to 25 ml and tested at a low attenuation*

The resulting

curves were calculated by all three of the methods mentioned above.
In this way data was obtained as to the best method of calculating
results at different levels of pesticide concentration and also the
reliability of measuring responses which exceed the linear range of
the machine*

Bioassay
1

Introduction
As mentioned in the introduction to the review of the literature
of the brine shrimp the various factors known to influence test org¬
anisms in bioassay are size, stage of development, age, sex, nutri¬
tion, light, sanitation, population density, temperature and time of
day*

In addition, as seen above, pH,

concentration and the type

and concentration of the brine have also been reported to influence
the brine shrimp*

The following rearing technique and bioassay method

were designed in such a way that all of the above factors would be
known and could be reproduced test after test.

Maas Rearing of A. salina (Leach) for Bloaaaay
•

,

*

.
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In the amphigonic species of brine shrimp, sex, as mentioned pre¬
viously, is genetically dictated; from the findings of Bowen (1962)
a 111 sex ratio could be expected*

Differences in sensitivity between

the sexes could therefore cancel each other, in tests of mixed sexes,
as long as representative samples of the populations were collected*
A population homogeneous in chronological age is inevitable if all
individuals are simultaneously started from a dormant embryonic stage*
Diurnal rhythms can be controlled by scheduling the periods of light
and darkness to a strict time sequence*

In order to reproduce animals

of the same size, stage of development and sensitivity (at the same
chronological age), the factors of light, temperature, brine concen¬
tration and composition, nutrition, sanitation and population density
must be controlled*

To meet these requirementsaspecial rearing room

was set up and equipped*
The rearing room was small, containing about 65 sq* ft* of floor
space and centrally located with no windows or outside walls*
walls were of brick and the floor was concrete*

The

A small sink and work¬

bench line one wall; a second, small workbench, utilized as an observ¬
ation area, was mounted on another wall*
Fischang (1963) reported concerning the normal temperature fluc¬
tuation of this room*

No diurnal change was perceptible, the extreme

temperatures reported from three one week samples In August, October
and January were 22«7°C. and 22*5°C»

The extreme temperatures ever

o
recorded by Fischang were 21 C. In December 1962, and over 26°C,
/

several times during the summer time*

Fischang installed a 660-watt
*

i

heating element mounted on fire-proof asbestos board with a normally
open microswitch mounted in the line, and wired to operate as a norm¬
ally closed switch*

The microswitch is opened by an ether filled

wafer thermostat mounted on an adjustable bolt*

By screwing the bolt

up and down, the temperature at which the element is turned on and
off can be finely regulated*

The reliability of this system was im¬

proved by mounting the heater on a larger piece of asbestos board in
which two holes had been drilled*

The wires pass through the holes

in such a way that they are protected from the heat*

A normally

closed mlcroswitch was substituted for the normally open, rewired
switch*
A Model 594 series hygrothermograph, produced by the Fries In¬
strument Division of the Bendix Aviation Corporation, Baltimore, Mary¬
land, was employed continuously to record room temperature*
*

«

l

A mercury
’

.

thermometer was calculated for error, and hung over the rearing con¬
tainers*

The hygrothermograph was corrected for error weekly at the

same time the chart was changed*

As indicated previously, the optimum

temperature for Artemia is 30°C*

The room was adjusted to this temp-

.
k

1.

'
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erature and fluctuated less than + 0.5 C*

,

A 300 watt non-frosted bulb in a reflector was Installed approx¬
imately 3.5 feet above the cultures.

This light source was wired to

an Instenaatic Time Switch, model T 101 of the International Register
Company, Chicago, Illinois.

Any electrical on/off switching sequence

which utilizes intervals of greater than an hour and is to be repeated
daily can be performed automatically by this assembly.

It was set to

switch the above mentioned light on at 6 a.m. and off at 6 p.tn. E.S.T.
Other room lights consisted of a ceiling light provided with a 250
watt bulb and a fluorescent desk lamp situated on the observation
bench.

The ceiling light was connected to a manual wall switch lo¬

cated just inside the door, the desk lamp had its own switch.

Both

of these light sources were turned on only when work was being done
in the room*

A Weston Illumination Meter Model 756 equipped with a quartz
filter was used to record the incident illumination in candle power
(c.p,) received at different areas of the rearing tank.

Readings were

taken at angles 90° to the light source at the edge of the reflector,
level with the top of the tank's sides directly under the light, at
each comer and half way between each comer*

These readings were

4500 c.p., 100 c.p., 88 c.p., and 68 c.p. respectively.
As seen in the review of the literature, salt concentration and
equality is known to effect brine shrimp.

It was decided therefore

for the sake of standardization, to make a brine solution composed
of known quantities of as chemically pure salts as economically pract¬
ical.

Such a salt solution was used successfully by A. Michaels et

.
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al (1956).

Tlie solution consisted of:
Sodium Chloride — 60 g.
*

Calcium Sulfate — 3.4 g.

Native powder

Magnesium Sulfate (7 ^0) — 6.4 g.

USP

Magnesium Cltloride (6 ^0) — 17 g.

Flakes

Potassium Chloride — 1.6 g*

Granules

Sodium Bromide — 0.2 g.
The salts were diluted to a specific gravity of 1.025 with distilled
water.

The pH of this solution was 6.2.

All salts except NaCl were

purchased from the Fisher Chemical Company.
Diamond Crystal brand of Kosher quality.

The NaCl purchased was

Such salts contain no chem¬

ical additives commonly found in salts for table use.
At2 (1964) described the problems of rearing animals in sea water.
He stated, "The instability of sea water and its organic constituents,
when confined in aquariums or circulating systems, and the character¬
istic inability of marine organisms to adjust to changes in their
environment combine to make keeping marine life in captivity a dif¬
ficult procedure*

The maintenance of sea water in suitable condition

depends on a chemically inert water system, a low ratio of animal life
to volume of water, the control of bacteria, and the elimination of
metabolic waste products."

He suggested aeration, filtration, storage

in the dark, and treatment with alkalizers, ultraviolet light and
antibiotics as means of preventing fouling.

The administration of

ultraviolet light and the storage of large quantities of water in the
dark would be impractical.

The additions of antibiotics and alka-

lizers could easily effect the sensitivity of the shrimp to toxicants.
Holding an ecological system static by such methods would be impos¬
sible*

A method more applicable to the needs of this study was sug¬

gested by Shelboume et al (1963) for the rearing of Plaice larvae*
Their method incorporated a fundamental principle in tropical aquarium
technique—the use of photosynthesizing plants to remove

and other

metabolites from the water, at the same time stabilizing the pH and
adding oxygen*

This principle was the basis behind the construction

of the system described below*
A reservoir tank was constructed from an 8 ft* by 4 ft* sheet of
1/2 in* marine plywood*

All joints were tongue and groove fitted;

glued with epoxy resin glue, and nailed*

Four and one-half yards of

44 in* flberglas cloth and seven pts* of epoxy resin were purchased
from Sears, Roebuck and Company*

Two strips of flberglas cloth were

spread evenly over the entire inner surface and about eight inches
over the sides of the tank*
six inches*

The two strips overlapped each other by

Five heavy coats of epoxy resin were then applied over

the entire surface covered by the flberglas doth*
taken to seal all joints*

Special care was

The resulting tank was not only water

proof, but also capable of being sterilized with a number of chemicals
and then completely cleaned of such chemicals*

There were no cracks

or seams in which organic matter, parasitic or pollutant organisms
could lodge*

The capacity of this tank was approximately 347 liters*

This tank was mounted at a height of four and one half feet on a stand

that extended across the rearing room just under the heater*

The

total cost of the tank was $37*75*
A 1/35 h.p. centrifugal polyethylene pump Model #22920 with a
*

capacity of 9 gal*/rain, at zero head was purchased from the Will
Scientific Company*

Clear flexible chemically inert plastic tubing*

catalog #375A642* size D* was purchased from the General Biological
Supply House Inc** Chicago* Illinois*

The tubing was cut into two

<

pieces measuring two feet and eight feet respectively*

Six feet of

i

the eight foot length was coiled into three continuous loops approx¬
imately one foot in diameter and placed in the rear right corner of
the tank*

The opposite end of the tube was expanded by heat and

fitted onto the effluent nipple of the pump*

One end of the two foot

section was similarly fitted onto the affluent nipple* the opposite
end was hung into the tank*

Two screw type radiator clamps purchased

at a local garage served to further anchor the tubes to the pump
nipples*
<*

A powerstat variable transformer* type 116 of the Superior
Electric Company* Bristol* Connecticut* was installed to regulate the
voltage input of the water pump*

A time switch no* 6M8001 of York

Time Controls Inc** Mount Vernon* New York* was wired to the trans¬
former*

This switch is capable of controlling any six-second comb¬

ination of electrical on-off switching*

This series wiring of pump

to transformer to time switch gave control of the volume of water be¬
ing pumped per unit of time and also the length of time the pump ran*
The transformer was usually set at 70 volts* the timer for three

.
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minutes "on” and three minutes "off.”
A Thiberg aerating pump was purchased from the Turtox Biological
Supply House.

The pump was hung from a shelf on a spring and con¬

nected to a neoprene tubing system.

The initial piece of tubing led

to a brass ”Y” connector which branched to two neoprene tubes.

Each

of these tubes led to two three way needle valves arranged in series
along the front of the tank.

From each valve Issued two neoprene

lines approximately three feet long terminating in a porous stone and
Incite air breaker.

In this way eight air sources conveniently con¬

trolled by four needle valves were available for use.
The 4000 ml. Pyrex beakers 9 Coming #10001 were purchased from
the Corning Glass Works.

These beakers were equipped with a spout to

facilitate pouring and could be autoclaved to assure sterilization in
case this became necessary due to disease or the presence of para¬
sites.
A precision hydrometerf catalog #6204# was purchased from the
Arthur H. Thomas Co.

This instrument reads specific gravities from

1.000 to 1.070 in divisions of .001 at 30°C.
On March 30, 1965 the following amounts of salts were added to
the tanki
Calcium sulfate, Native powder
Magnesium sulfate, 7 H20
Magnesium chloride, 6 H20
Potassium chloride

-

-

-

402.9 g.

758.4 g. USP
2014.5 g* Flakes

189.6 g. Granules

Sodium bromide - 23,7 g.
Sodium chloride - 7110,0 g.
These salts ware diluted with distilled water and adjusted to a specific gravity of 1,025 the following day.

Water obtained from the brine

pools of San Francisco Bay, courtesy of the Brine Shrimp Sales Company,
was filtered through Whatman No, 1 filter paper and 50 ml of the
filtrate was added to the tank water in an effort to introduce the
✓

algae and microplankton endemic in such pools.
Several food materials were tried before a satisfactory one was
found.

Attempts were made to rear Chlorella in Bristols solution

under sterile conditions.

Bakers yeasts, Fleishmans active yeast

cakes and brewers yeast were all experimented with at different con¬
centrations and feeding frequencies,

A plastic sheet, commonly used

as a packing material featuring air bubbles sandwiched between two
layers of bonded polyethylene, was floated on the surface of the tank
to reduce evaporation.
Using the above mentioned components the following method of
rearing shrimp was developed.

The specific gravity of the brine was

checked and if need arose, it was adjusted to 1,025 by the addition
of distilled water.

After distilled water was added the water pump

was unplugged from the transformer and plugged into 120V wall socket.
This increased the circulation of the water to a current assuring
rapid mixing.
Using a six foot length of neoprene tubing, 3000 ml of water was
siphoned from the tank into a white enamel pan equipped with a wooden

surface divider and a black hood as described by Michaels et al (1956).
After siphoning was complete, the pump was replugged into the trans¬
former •

The wooden divider was placed three inches from one end of

the pan and extended from about one-half inch above the water's sur7

face to one-half inch below.

.

-
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A known volume of brine shrimp eggs

(0.130 g. except in cultures #37-39, where .065, .0375 and .01875 g.
were used) obtained from the Brine Shrimp Sales Company were weighed
on a Mettler precision balance (type H15, Capacity 160 g.) and floated
on the surface of the brine on the short side of the divider.

The

black cloth hood which had been sewn to fit the dimensions of the pan
was pulled over this compartment.

The culture was then numbered and

this fact and the date were entered in a notebook.
Forty-eight hours after flotation of the eggs, a 4 1. beaker
which had been marked with the appropriate culture number was filled
to one-half inch of its lip with tank water (specific gravity 1.025)
and left standing upright in the tank.

The water and shrimp on the

lighted side of the enamel pan were siphoned through a one foot square
piece of bolting cloth loosely spread over a second 4 1. beaker and
held in place by an elastic band.
the eggs' shells were left behind.
dryness.

Using this method, almost all of
The enamel pan was siphoned to

The shrimp which were retained by the bolting cloth were

introduced into the beaker by floating the cloth, shrimp down on the
water's surface.

Ten drops of a freshly prepared, thoroughly stirred

3tl suspension of Brewers yeast and distilled water were dropped into

the water*

Care was taken to always use the same dropping utensil*

the flattened end of a stainless steel laboratory spoonula*

An air

breaker was then introduced into the beaker and a one foot square by
three mils thick polyethylene sheet was placed over the beaker and
held in place by an elastic band*

The volume of air was then adjusted

by the appropriate needle valve so that uniform water circulation was
obtained with the air breaker positioned approximately two inches
from the bottom of the beaker*

Every other day the cover was removed

from the beaker* 10 drops of fresh media added4 the entire culture
stirred with the air breaker air line assembly and finally the cover
set back on and the height of the air breaker adjusted*

New cultures

were always started on the same day that the older cultures were fed.
In this way maintenance was necessary only every other day*

The time

required to perform these tasks was very modest; adjusting the spec¬
ific gravity of the tank—five minuted (not including mixing time
which can be spent doing other chores)* starting a new culture—25
minutes* preparing the yeast media and feeding (seven cultures)

15

minutes; totaling two hours 36 minutes a week*
When a culture was discontinued* the contents of the beaker were
strained in the same way as nauplli were taken from the enamel pans*
and the solution passing through the bolting cloth was returned to the
tank; occasionally* when pH tests* specific gravity readings or microanalysis were performed* care was taken to do so before such water
was replaced*

Similarly* if cultures were started the same day water

was returned to the tank* the pure water was withdrawn before the used
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water was returned*
If in reality thia system produced homogeneous populations of
shrimp the growth curves of different cultures should be similar*
Measurements were taken over a two month period involving three cul¬
tures*

One hundred and ninety eight animals were microscopically

examined and measured using a binocular dissecting type microscope
equipped with a micrometer*

To test the effects of crowding on the

growth patterns of shrimp, three cultures containing 1/2, 1/4 and 1/8
the weight of cysts normally used were reared*

Measurements were made

every two days on at least 15 Individuals from each culture*

In add¬

ition, cultures used in bioassay were similarly measured in order to
ascertain that they were developing normally*

Samples of the culture

were usually taken every other day by sucking shrimp into a glass tube
equipped with an evacuating bulb*
parts of the container*

An attempt was made to sample all

The samples* sizes varied from 6 to 27 ind¬

ividuals*

Bioassay
The following method for tasting ronnel residues in egg yolks by
bloassay with brine shrimp was developed*

Approximately 15 liters of

water which had been in the reservoir tank as described above for 11
i

weeks were placed in four shallow white enamel pans and evaporated to
dryness under a fan*

The recovered salts were placed in two quart-

size ice cream containers and stored in the rearing room until needed*
Next the test egg extract was prepared.

Since several methods
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of preparing the egg extracts were tested, these methods will be dis¬
cussed In detail in a later section.
One hundred milliliter Pyre* glass test tubes were used as the
testing containers.

These tubes were placed in holding racks color

coded as to dosage.

The construction of these racks was discussed in

detail by Flschang (1963).

Briefly they consisted of seven color

coded rows, each row holding five tubes.

Therefore each rack holds

five replicates of seven treatments#
Brine shrimp were selected and Introduced into the test containers
in the following manner.

First the 4 1. incubator containing the

shrimp was removed from the tank and its contents were slowly poured
through a piece of bolting cloth loosely spread across the opening of
a second beaker as described above*

The last 50 to 100 ml of the

culture water contained an accumulation of organic debris and was hung
into the brine in the beaker controlled the volumes of brine in the bag
and retained in the incubator.

The bolting cloth bagged part way into

the second beaker and retained the shrimp.

The depth this bag hung into

the beaker controlled the volume of brine in the bag and was adjusted
throughout the introduction of the shrimp into the testing tubes to
maintain a convenient concentration of shrimp for sampling*

'Hie

beaker containing the bolting cloth and shrimp was transferred to
the small observation bench beside which had been previously
placed the racks containing the previously prepared testing sol¬
utions.

On the bench was the glass tube equipped with an evacuat¬

ing bulb; 40, 1 by 3 in* strips of Whatman #1 filter paper, a bioassay
data sheet designed and described by Flschang (1963), and a shallow

white enamel pan tilted toward the experimenter*
was turned on*

The fluorescent lamp

The depth of the clcth bag was adjusted so that ap¬

proximately 10 shrimp would be consistently sucked into about three
inches of the tube*

Samples were random since the shrimp are in con¬

stant motion and samples were taken from different areas of the bag.
The brine containing the shrimp is dropped into a strip of filter paper
which has been placed in the pan.

The slirivup are counted after each

drop; if the last drop contains too many 9hrimp they are removed from
the strip with the flat end of a stainless steel spoonula.

The first

drop or two saturates the paper strip after which excess water runs
to the base of the pan*

The dry upper end of the strip is picked up

with forceps and the strip is dipped into the testing solution; the
shrimp immediately swim off*
tube*

This procedure is repeated for each

The time the introduction starts and finishes is recorded*

The

starting time of the test is calculated by adding one-half the intro¬
duction time to the starting time*

Shrimp are introduced into the

tubes across the treatments or rows9 i.e* replicate one of control;
lowest standard concentration to highest standard concentrationf first
unknown* fifth unknown9 etc*; replicate two of control9 lowest standard
concentration to highest standard concentration9 second unknown9 sixth
unknown* etc*

In this way any errors caused by preferential sampling

or differences in exposure time are more equally distributed among
the replicates of the different treatments*
Mortality counts are made by holding the test tube up to the over-

.
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head room light and carefully counting all dead and live shrimp.
Shrimp tend to decay beyond recognition approximately 60 to 70 hours
after death under the test conditions.

Therefore* in tests which run

longer than this time it is necessary to definitely determine the
number of shrimp present in each tube before this stage is reached.
This is done by totaling the dead and live shrimp several times after
careful examination of each tube and keeping careful individual records
of each tube*

During testing* mortality counts were made at least

every 12 hours and more often if the test was expected to run less
than 48 hours or high dosages were being tested for the first time.
At the conclusion to each introduction* the brine in both the
beakers was returned to the tank after being filtered as described
above.

All apparatus with the exceptions of the forceps and the

testing tubes and racks were washed and brushed with hot water at
the sink in the rearing room.

The tubes and forceps were washed by

the method described by Fischang (1963)

in a sink in an adjoining

laboratory to avoid the possibility of contaminating culturing mat¬
erials*
Accurate results in bioassay necessitates that a standard re¬
sponse line be calculated for every set of unknowns*

It is also

crucial to calculate the percent "natural mortality" present* that
is mortality occurring as a result of all factors other than the tox¬
icant residues being measured*

For these reasons each set of unknowns

tested is accompanied by one row of five tubes containing untreated
control extracts; and five rows of control extracts* each row contain-

,
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ing increasing amounts of pure toxicant*

The pure toxicant used was

obtained from the Dow Chemical Company, Midland, Michigan on Nov, 7,
1964*

The sample was analyzed to be at least 99% pure*

of tubes contain extracts from treated birds*

The last row

Additional unknowns are

placed in a second rack*
Extracts from the eggs of treated birdo contained levels of tox¬
icant below the sensitivity range of the method, therefore they were
fortified with a constant appropriate amount of toxicant to bring them
into the responsive area*

The difference in response above the amount

of toxicant added to the sample equalled the response due to toxic
residues contained in the egg yolk*

The amount universally added to

fortified tubes equalled 0.7 ug/ml*
In all biological testing, variance within treatments should de¬
crease as the number of organisms tested increases*

This is because

larger samples of a population are more apt to represent a more rep¬
resentative profile of that population than are smaller samples*

A

second advantage of larger samples is that given ample room some
species such as Drosophila tend to be more quiescent and thus make In¬
sufficient contact with residue films*
may also have disadvantages*

Using large numbers of animals

The first is that natural mortality is

very apt to be higher in crowded populations, thus shortening the
length of time a test can be run*

Secondly, a point is reached at

which the increase in sensitivity gained by larger numbers is counter¬
acted by the necessity to Increase the amount of toxicant in each tube
due to the dilution effect of the larger numbers of animals present*

.
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With these facts in mind it was decided to use the smallest
number of shrimp per tube that would give reliable results.
cision was made for the following reasons*

This de¬

In order to test for the

occurrence of toxic metabolites of ronnel in the eggs of treated
chickens9 the test extract should consist as much as possible of
ronnel that has been subject to chicken metabolism.

As will be seen,

the toxicity of the egg extract limited the amount of this extract
that could be used per tube.

Therefore, the more shrimp used per tube

the more pure ronnel would have to be added due to the dilution effect
mentioned above.

Thus under the limitations imposed by the extracts'

toxicity, the smaller the number of shrimp per tube the higher would
be the sensitivity of the test for metabolites.

The second reason

for limiting the number of test organisms per tube was that a toxic
metabolite might cause mortality a considerable time after introduc¬
tion.

Therefore, tests were designed to run as long as possible.

Another reason for running long tests was that the masking effects of
the test extract delayed the response of the shrimp to the toxicant.
Finally, since brine shrimp are in constant movement and the extract
is at least theoretically homogeneously distributed in aqueous sus¬
pension or in solution it was felt that added numbers of shrimp per
tube would in no way increase their contact with the extract.

Pre¬

liminary tests showed that five replicates of 10 shrimp per tube, when
averaged, gave reliable results; and as will be seen, would give re¬
sults within 24 hours and for as long as 2.5 weeks, depending on the
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condition of the extract*

For these reasons all tests were performed

using 10 shrimps per tube*

Preparing Egg Yolks for Bioassay
The ideal extract, for testing the total residues resulting from
the application of a toxicant to an organism,, should be simple and
Inexpensive to prepare; not mask the toxic effects of test materials
or their metabolites; have no ill effects on the test organism; yield
high and consistent percentages of the original material and its toxic
metabelites| and be compatible with the method of assay being employed,
in this case compatible with salt water*

Less than perfect but usable

extracts must not cause chemical breakdown of the test materials or
cause such high amounts of masking or mortality as to make the sens*
itivity of the test so low that valid conclusions cannot be drawn*
In addition to the above general criteria in this work, a subsample of the bloassay extract must be capable of being gas chromato¬
graphed so that the results of the two methods may be directly com¬
pared*
As mentioned above, the preparation of egg yolks for gass chrom¬
atography involved the absorption of petroleum ether extract on a
column of activated florlsll and then elution of the column with a 6%
ethyl ether and petroleum ether eluate*

Since the number of chemicals

eluted from this type of column increases with the polarity of the
eluate, the probability of eluting an unknown chemical, such as a
toxic metabolite of ronnel, increases with the increasing polarity of

.
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the eluate.

Therefore, an egg extract could be eluted with a 6% elu¬

ant to remove any ronnel present, transferred to hexane and chromato¬
graphed.

Meanwhile the column could be further eluted with more polar

eluates (such as eluates containing a higher percentage of ethyl ether)
which could then be combined with the 6% eluant fraction, transferred
to acetone, and tested by bioassay.

Since the amount of ronnel pre¬

sent in the extract is known, any positive results that are above the
normal fluctuation of the method would indicate the presence of an
additional toxicant.

If this Increased toxicity occurred consistently

and exclusively in the eggs of birds treated with ronnel the toxicant
could be assumed to be a product of this ronnel treatment.
Theoretically, this technique appeared promising, using the method
described above.

The following preliminary experiments were performed

to test the reaction of the shrimp to, and the interaction of ronnel
with* increasingly polar eluates of untreated eggs transferred to ace¬
tone.

.
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Table #1
The Response of A* saline to Varying Polar Extracts
of Egg Yolks Alone and With Ronnel Added

Date

.
11-26-66

Egg yolks
per tube

Ethyl etheri
pet, ether

No, of tubes
tested

ug ronnel/
tube'

% Hort,
at hrs,

.sails. SSI.
0

0

1

0

10—148 hr

1-26-66

*5

15

1

0

22—148 hr

1-26-66

1.5

15

1

0

50—148 hr

1-26-66

2,0

15

1

0

69,6—148 hr

2-1-66

0,25

30

1

0

10—36 hr.

2—1—66

0,5

30

1

0

20—36 hr.

2—1—66

1.0

30

1

0

10—36 hr,

2-1-66

0,25

30

1

*

100—**

2-1-66

0,5

30

1

*

100—**

2-1-66

1.0

30

1

*

100—**

2-14-66

1

30

5

0

32.6—39 hr.

2-14-66

1

30

5

60,0

34,6—39 hr.

2—14—66

1

30

5

60,0

27*5—39 hr.

2-14-66

1

30

5

100,0

29.4—39 hr.

2-14-66

1

30

5

120,0

11.7—39 hr.

2-14-66

1

30

5

140.0

25,0—39 hr.

2-15-66

1

***

5

0

52—21 hr.

2-15-66

1

***

5

80

68—21 hr.

2-15-66

1

***

5

100

62—21 hr.

2-15-66

1

**«

5

120

70—21 hr.

♦After 36 hours 100 ug of ronnel added
**22 Hours after the addition of 100 ug ronnel
***100 ug acetone following 30% eluate
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The 100% acetone eluant applied to the residue left on the florisil column by the 30% eluant caused 52% mortality in 21 hours*

Nat¬

ural mortality for this period of time, without the egg extract, was
0-5%; the 30% eluant left toxic substances on the column.
The 30% eluant also caused prohibitive mas Icing, appearing to
invert the regression line*
mortality*

The 15% eluant caused much less natural

Further tests reported in the "Results” section Indicated

that this eluant produced usable results*

Therefore, an acetone sol¬

ution of the 15% eluant was used in all other bloassay tests*
Preliminary tests were performed to test the mortality produced
by micro amounts of DDE, op* DDT and pp* DDT after it appeared to be
Impossible to raise chickens, under the conditions of these exper¬
iments, and not obtain traces of these substances in the egg yolks.
Doubling the concentrations of these materials in the eggs caused no
measurable effect on the shrimp*
Bioassays following gas chromatography were performed on the
eggs produced by birds treated with ronnel in Experiment Three,
described above*

The results of the two methods were compared.

The level of apparent DDT products were constantly monitored to
insure that the amount detected in the control birds did not vary
from that detected In the treated birds and in this way complicate
the bloassay procedure*
Insufficient time limited the number of experiments that could
be run*

Testing the response of different age groups of shrimp to

ronnel, other than ages used In these investigations, was considered

to be beyond the scope of this paper*

As pointed out in the liter¬

ature review, Tarpley (1958) found that age was not a factor in the
sensitivity to two pesticides but that shrimp 16 days old were the
most sensitive to the remaining pesticide*

This reason together with

the fact that the larger the shrimp are, the easier they are to handle
and count| were why large shrimp are best for testing*

Also, they

are apparently capable of surviving for longer periods without food*
Sexually mature shrimp, however, complicate testing due to physiolog¬
ical differences cauoed by the reproductive cycle, especially in fe¬
males, and the pesticide dilution and crowding effects of nauplii
born after adult introduction into the tubes*
used for testing just prior to sexual maturity*

Therefore, shrimp were

Egg Production

Experiment I
An analysis of variance with t*re variables of classification,
(treatments and collection dates); and repeated measurements, (two
replicates of each dosage and control); was performed as described by
Dixon and Massey (1957)*

The null hypothesis that no differences in

production occurred between the different treatments or between the
different collection dates was tested at the *01 level of signifi¬
cance,

In the following analysis of variance table "Row Means" refer

to the 50 collection days;

"Column Means" to the three treatments—

Control, which averaged 0*2075 eggs per bird day;
which averaged 0*323 eggs per bird day;
averaged 0*292 eggs per bird day.

0*5 lbs. treatment,

and 1.5 lbs. treatment which

Table $2
Analysis of Variance - Egg Production
Experiment I

Sources of Variance

Sum of
Squares

d.f.

Mean Square

F Ratio

Row Means

294*63

49

6.012

3.441**

97.68

2

186*95

98

Subtotal

579.26

149

Within Groups

262*14

150

Column Means
Interaction

48*84
1.907

27.96**
1.09

1.747
•V

J

Total

841*4

1

299

Highly significant differences were found between testing days
and between treatments*

Duncan's Multiple Range Test as described

by Steele and Torrie (1960) was performed on the three treatment
(column) means to discover the significant relationship of these means
to each other*

.
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Table #3
Duncan's Multiple Range Test
Egg Production
Experiment I

Valrn of P..01

Treatment Levels

3

SSR

3,71

3.86

Rp - LSR

0*49

0,51

Control

Mean of lOx the
eggs/bird/day

2

2*08

1*5 lb/100 sq,ft*

0#5/lb/100 so,ft.

2,92_3,22

Both pesticide applications increased egg production.

It is in**

tereating to note that the hens receiving the higher pesticide dosage
produced less than the hens receiving the lower dosage*

This differ¬

ence was not significant however at the level tested.

Experiments II and III
Analyses of variance for two variables of classification (treat¬
ments and collection dates)» and a single observation was performed
on the production data of Experiments II and III as described by Dixon
and Massey (1957),

The null hypothesis that no differences in produc¬

tion occurred between the different treatments (columns) or between
the different collection dates (rows) was tested at the ,01 and ,05
level of significance for each of the two experiments separately*

,
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Table ??4
Analysis of Variance -Egg Production
Experiment II
/

Source of Variance

Sum of
Squares

d.f.

Row Keans (days)

133*47

20

6.67

1.28

Column Means
(treatments)

225*75

3

85.25

16.36**

Residual

312.98

60

5.21

Total

702.2

Mean
square

F value

*

’ 83
mmmmm

v

Table #5
Analysis of Variance - Egg Production
Experiment III

Source of Variance

Row Means (days)

Sum of
Squares

d.f.

Mean
square

F value

87.62

9

9.73

3.43**

Column Means
(treatments)

171.29

4

42.82

15.08**

Residual

102.27

36

2.84

Total

361.18

49

In Experiment II only the treatment (column) means were highly signi¬
ficant*
As in the first experiment Duncan's Multiple Range Teat was per¬
forated on the treatment (column) means to determine their statistical
relationship with each other at the *01 confidence level*

Table #6
Duncan's Multiple Range Test
Egg Production
Experiment II

Value of P.01

2

3

4

SSR

3.735

3.89

4.05

Rp LSR

1*923

2.00

2.09

Treatment levels
Mean of lOx
eggs/bird/day

400 mg/kg

2.695

100 lag/kg

6.07

200 ©g/kg

6.19

Control

7.38

The 100 mg/kg and 200 mg/kg treatments showed substantial decreases
in production compared to the control, however these decreases were not
significant at the *01 level.

Very little difference occurred between

the 100 mg/kg and 200 mg/kg treatments.

The 400 rag/kg treatment caused

a highly significant decrease in production.

This was manifested in

an apparent inhibition of egg production starting on the fourth day

following the first treatment and lasting for five days*

Egg produc¬

tion continued to be reduced in this pen until the time of slaughter,
21 days after the first treatment*

Table #7
Duncan's Multiple Range Test
Egg Production
Experiment III

Value of P .01

..2.

3

4

SSR

3*81

3.97

4.02

4.11

Rp LSR

2*48

2*58

2*611

2.67

Treatment Levels
Mean of lOx
eggs/bird/day
*

-

-t~..

*—

80Q mg/kg

400 sg/kiL...... 600 mJkst

1.499

*999

1.8

5

300 rae/ka

2.496

Control

6.164

*.

All levels of treatment caused highly significant suppression of
egg production in Experiment III*

This phenomenon was typified in the

400 mg/kg to 800 mg/kg dosage range by a complete absence of egg pro¬
duction starting in all cases four days after the first treatment
through the ninth day of the experiment*
ment the birds were sacrificed*

On the tenth day after treat¬

Birds 17 and 23 (dosed at 400 mg/kg

and 600 mg/kgt respectively) contained a fully formed egg in the uterus,
apparently about to be laid*

These eggs were collected for analysis*

.
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Three days following the first treatment all birds treated at the
300 mg/kg level, except for bird 12, stopped production for the rest
of the experiment.

Bird 12 averaged 0.7 eggs per bird day after treaty*

meat.

Since this value is higher than the 0.616 eggs per bird day

averaged by the controls, therefore the egg production of bird 12 was
unaffected by the treatment.
Ten days after the first treatment many of the ovaries from
treated birds contained developing ovi and appeared to be approaching
the end of their sterile period.

Some ovaries contained no grossly

apparent ovi and had degenerated to one to two inches in length.
Further investigation of this phenomenon was considered to be beyond
the 8cope of this paper.

Gross Appearance of Hens After Treatment with P.onnel

Experiment One;
Careful observation of the hens after treatment failed to detect
any abnormalities*

No physical abnormalities were found upon slaugh¬

tering the birds from either of the treated pens*

Experiments Two and Three:
Oily stools smelling strongly of ronnel were passed by the birds
for approximately 48 hours after the third treatment.

No abnormal¬

ities associated with phosphate poisoning such as lack of coordination,
drooling, or external hemorrhaging was noticed*

The hens treated with

the 600 mg/kg and 800 rag/kg dosages acted noticeably lethargic for
approximately three days after the third treatment*

These birds stayed

squatting, usually holding their eyes closed and their heads down.

In

addition to these symptoms of stress, two hens receiving the 600 mg/
kg dosage exhibited blue spots on their combs on the third treatment
day.

The same symptoms appeared on the combs of three birds in the

800 mg/kg group on the second treatment day*

Four of the seven birds

in this group displayed this symptom on the third treatment day*
Gross examination of the internal organs after slaughtering dis¬
closed some apparent damage in the liver*

In both experiments the

livers of one hen receiving the 400 mg/kg dosage showed some slight
abnormality, in Experiment Two, the apparently affected liver ap¬
peared slightly enlarged; in Experiment Three, one liver had a mottled

dappled appearance*
ment level*

No signs of hemorrhaging were found at this treat¬

The livers of hens receiving the 600 and 800 mg/kg treat¬

ments appeared to be more severely damaged*

Two livers in the former

treatment had noticeable petechial hemorrhages*
also had an abnormal streaked appearance*

One of these livers

Two livers from birds re¬

ceiving the highest dosage appeared similarly damaged*

One was

streaked; the other had petechial hemorrhages*
As mentioned previously many of the ovaries of hens in Experiment
Three appeared to be regressed* others in the process of returning to
production*
Weight fluctuations due to these treatments are recorded below
(Tables 8 and 9)*
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Table #8
Weight Fluctuations of Birds Fed Runnel April 20* 21* 22* 1965

Hay 11*1965
Slaughter Date

Apr. 22*1965 Apr. 21*1965
3rd Treatment 2nd Treat went

April 20*1965
Pretreatwent

Experiment II

Control
Bird Weight
#

100-WkF.
Chng* Bird Weight
%
*

1
2
3
A
Avg.

1820
1780
1760
1690
1762

1
2
3
A

**1.1
-2.5
-1.7
-0.5
-1.45

5
6
7
8

Avr.

1800
1735
1730
1700
17A1

1
2
3
A
Avg.

1765
17 AO
1725
1695
1731

-3.0
-2.2
-1.9
+0*2
-1.73

5
6
7
8

1720
1710
1770
1750
1737

-5.A
-3.9
40.5
43.5
-1.33

5
6
7
8

1
2
3
A
Avg.

5
6
7
8

Chng.
%

1510
1280
1750
1820
1580

200 fflg/Ks
4Q0 rag/kg
Cling.
Bird Weight Chng. Bird Wt.
%
%
I
0
9
10
11
12

1490
1260
1810
1785
1586

-1.3
-1*5
43.A
-1.9
—0.26

9
10
11
12

1450
1240
1700
1735
1531

-3.9
-3.1
-2.8
—A.6
-3.6

9
10
11
12

13 2230
14 1750
15 1990

1?75
1650
1880
1780
1771

*

1990

»

1730
1640
1800
1760
1732

-2.5
-0.6
-4.3
-1.1
-2.3

13 2185
14 1675
15 1930

-2.4
—4.2
-3.0

1930

-3.2

1650
1520
1750
1770
1672

-4.2
-7.6
-6.9
-0.5
-3.6

13 2010
14 1560
15 1795
1788

-9.8
-10.8
-9.5*
-10.07

■

1500
1510
1790
1780
1645
<

-0.6
417.9
42.2
-2.1
44.35

9
10
11
12

1780
1620
1870
1820
1772

40.2
-1.8
-0.5
42.2
40.25

13 1935
14 1790
15 2045
»

1923

-13.2
42.2
42.7
-2.77

80.

GRAPH I
Percent Weight Fluctuations of Laying Hens
Fed Ronnel April 20, 21, 22,1965
Experiment II
Control*

0

.0

0
.0
0

% Fluctuation

0

0
0
Days After First Treatment_

0

I

H

°Average of Three Birds
xAverage of Four Birds

21

80a.

GRAPH II
Percent Weight Fluctuations of Laying Hens
Fed Ronnel July 20, 21,22, 1965
Experiment III
Control1*

"Average of Five Birds
x Average of Six Birds
“ Average of Seven Birds
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The average percent change of weight for each treatment group is
plotted on the preceding graphs*
The weight losses as shown in Graph #2 were nearly linear on the
first two days following the initial treatment*

This would indicate

a constant catabolic process occurring in the birds.

The fact that

the rate of loss is strikingly related to the dosage received indieatea that the presence of the pesticide not only instigates this pro¬
cess but that the rate of the process is directly related to the
amount of pesticide present*

Further discussion of this phenomena

will be presented later*
The 100 mg/kg treatment appears to have stimulated a considerable
weight gain by the end of the second experiment*

This gain, however,

is primarily caused by one bird (bird #6, see Table #8) and is prob¬
ably not representative of a normal reaction*

Colorimetric Analysis
The first analytical method utilized to detect ronnel residues
in eggs was the previously cited colorimetric method described by
Dorough and Arthur*

Analyses were made of eggs obtained from Exper¬

iment I previously described*

In addition, a faculty member added

known amounts of ronnel to control eggs in quantities approximating
the residues obtained*

The amounts of ronnel added to the eggs were

unknown to this experimenter*
Results are calculated using this method by plotting the differ¬
ence between the optical density of unknown extracts and control ex-

tracts on a standard curve.

Such a curve la prepared by treating

known amounts of ronnel to the color development procedure described
above and plotting the optical density of the color produced against
the alcrograms of material added.

Such a standard line was calculated

by Professor C. Tyson Smith and used to calculate the results shown
in Table #10*

Using this line, ppm of 50 g samples equals OD of

sample—average OD of controls times 2.411.

These results were the

basis from which Smith et al (1965) concluded that this method was
unsatisfactory because "it was not possible to obtain reproducible
blanks.at the low levels desired."
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**See Discussion

Table #10*
PPM Apparent Ronnel Detected by Colorlioetrlc Analysis in the Egg Yolks of Chickens
Treated with Ronnel 8/5# 8/26 and 9/16/63 (Experiment I)

84.

85.

Gas Chromatography
The second analytical method used to detect ronnel residues in
egg yolks was gas chromatography.

This method was used to analyze
V

egg yolks from Experiment I* II, and III.

The results of these

analyses appear below.

Experiment I
The residues of ronnel detected by gas chromatography are pre¬
sented in the following table.

86.
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^Residues undetectable

Table #11
PPM Apparent Ronnel Detected by Gas Chromatography in the Egg Yolks of Chickens
Treated with Ronnel* 8/5* 8/26 and 9/16/63 (Experiment I)

o
en

87.

The residue analyses were performed after the third treatment
since at this time the maximum residues would be present#

Residues

were detected in only the eggs of a single sample from the birds
treated at the 0*5 lb* level*

These results were used by the Dow

Chemical Company in applying to the Food and Drug Administration for
the registration of ronnel at this dosage level as an ectoparasite
control of laying hens*
JT'

Since the residues were so small and constant* graphical repre¬
sentation of this data would be of no value*
Experiment II

Table #12
FPM /pparent Ronnel Detected by Gas Chromatograph/ in the
Egg Yolks of Chickens Treated with Ronnel - 4/20f 4/21 and
4/22/65 (Experiment II)

Mg/kg fed
each
treateont
date

Pan

1

Control 0

1

*

100 mg/kg

2

*

.332

*286

200 og/kg

3

*

♦033

.208

400 mg/kg

4

*

*

Pays After First Treatment.
2

3

5

*

1*168

6
*

1*36

9&10
*

13

17

21

*

*

*

.370

*120

.008

.002

*426

.177

.01

.004

*

*406

.078

.004

A

* • Undetectable residues
A graphical representation of this data is presented cm the follow
ing page*

87a.

Graph III

Residues of Ronnel Detected in the
Egg Yolks of Birds Treated 4/20,21,22
Experiment II
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The residues of pesticide found were not at all related to the
dosages administered to the birds until six days after treatment in
the cases of the lower two dosages and the ninth and tenth days for
the highest dosages*

Very little difference is apparent between the

residues of the different treatments on these dates; 0.036 ppm between
the 400 mg/kg and the 100 rag/kg dosages. 0.057 ppm between the 200
mg/kg and the 100 mg/kg dosages and a 0.02 ppm difference between the
400 mg/kg and 200 mg/kg dosage.

Regardless of dosage, residues were

undetectable 21 days after treatment.

Experiment III
Individual records were kept of each hen in this experiment,
therefore the results can be expressed both as an average of the treat¬
ments and of each bird individually.

The individual data are presented

in the following table, the averaged data derived from this table is
depicted in Graph XV.
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^Undetected
1 Computed by triangulation rather than by disc Intergration
2 Estimated amount after 50% spilled
— Eggs produced but not analyzed

Table #13
PPM Ronnel Detected by Gas Chromatography In Individual Egg Yolks of Hens Treated with Ronnel
— 7/20, 7/21, and 7/22/65 (Experiment III)

89

Notice the similarity in the pattern of inhibition between the
400 mg/kg/day treatment of Experiment II and the 400 mg/kg treatment
of Experiment III*

As can be seen from Table 2, the former experiment

stopped egg production the third day after treatment and egg produc¬
tion did not resume until the ninth day*

Egg laying in every pen in

Experiment III stopped after the fourth day except in the 300 mg/kg
dosed birds where bird #12 produced throughout the experiment*
Another similarity between the two experiments is that egg inhi¬
bition effects appeared to be coming to an end, in at least some of
the birds, by the tenth day after the first treatment in Experiment
III; this occurred after the ninth day in Experiment II*

The first

eggs laid after inhibition contained much lower residues than the
last egg laid by the same birds just prior to Inhibition*
Unlike the previous experiment, the eggs laid following inhibi¬
tion in Experiment III containing residues, were higher than those
encountered in Experiment II*

The average results of the former ex¬

periment appear in Graph IV*
The graph shows that the maximum residue at the 400 mg/kg level
found in Experiment II compares well with the corresponding peak of
Experiment III but the residues of this treatment after inhibition
varied almost 250% between the two experiments*

v*

Graph IV

Parts per Million

Residues of Ronnel Detected in the
Egg Yolks of Birds treated 772Q2I,22
Experiment III

90a.
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Recoveries of Spiked Samples
The first two samples of eggs spiked were analyzed on the Aero¬
graph instrument and calculated by the disc intergration method.
These 50 g. samples, which had been spiked at the 1.0 and the 0.1 ppm
level and then cleaned up for gas chromatography, yielded 70% and 66%
recovery, respectively.

The results of the six unknowns analyzed on

the Perkin Elmer instrument at different attenuations and calculated
by triangulation, disc, intergration, and proportional altitudes are
summarized in Table 14.
The data show that the best recovery was made in every case at
the lOOx attenuation.

In every case but one the best recovery was

obtained with disc intergration.

Even in this exceptional case disc

intergration gave the second best recovery, 3.6% lower than the better
triangulation value.

The former method of calculating results gave

superior recoveries over the whole range of spiked dosages averaging
8.4% better than the proportional altitude method and 9.1% better
than the triangulation method at lOOx attenuation.

,
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Table //14
Percentage Recoveries of Varying Known Amounts of Ronnel
Added to Chicken Eggs and Analyzed at a High and Low
Attenuation and Calculated by Three Different Methods

Attenuation

lOOx

lOOx

lOOx

Method of
Calcula¬
tion

Hicroftrams of Ronnel Added & Percent Recovery
1.0
19
26
6.0
0.3
11
Average by
ug
UR
Methods
ua
MR
MR
MR

Triangula¬
tion

75.0

70.08

84.66

80.22

70

78.84

71.87

44*4

69.36

64.0

56.65

64.4

68.3

62.8

Disc
Intergratlon 90.5

78

86.66

70.57 70.9

Comparative
Altitudes

79.5

65*6

68.3

69

Below
Range
Sens.

48.9

Below
Range

75.5

74.5

500x

Triangul ac¬
tion

500x

Disc
Intergratlon

t*

48.9

it

44.6

66.72

67.17

56.65

500x

Comparative
Altitudes

it

44.27

n

36.8

69.27

67.16

54.36

Best
Reeov.

i

90*5
% Disc
Inter*
lOOx

78%
Disc
Inter.
lOOx

86.66
% Disc
Inter.
lOOx

70.57 74.5%
% Disc TriInter. angu.
lOOx
lOOx

84.6%
Disc
Inter,i
lOOx

The higher attenuation yielded consistently inferior results aver¬
aging 23*6% below the Disc Integration results obtained at the more
sensitive lower attenuation*

An identical overall average was obtained

between the Trlangulatlon and Disc Integration methods of calculating
results at the low sensitivity level*

The Comparative Altitude tech¬

nique yielded recoveries only 2.3% lower than those of the other two.

.
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Bioassay
The third method of analysis used was bioassay,

As described

in the "Materials and Methods" section a standardized method of rearing the test organism, A., salina (Leach) f was developed.

Data con¬

cerning this rearing technique is followed by the results of bioassay
tests*

Rearing Technique
The following table lists the results obtained from rearing brine
i

Mj

shrimp on various food media.

Table #15
Success Obtained Feeding Various Media to A, salina (Leach)

Culture No,

Food—10 drops fed every other day

Results

7

1/4 cake Fleichman's active yeast
diluted to 30cc with D,W,

All dead after
nine dava

8

Same as 7

All dead after
nine days

11

1/4 oz, pkg, Fleischman's active
dry veast diluted to 30ec with D,W.

All dead after
twelve days

12

Same as 11

Less than twelve
reached adulthood

13

Same as 11

Less than twenty
reached adulthood

14

lt2 suspension of Brewer's yeast/
distilled water

About fifty
reached adulthood
—about 200 smaller
nresent

15

Same as 14

Same as 14

.
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The Chlorella cultures mentioned previously in the "Materials
and Methods" section, were discarded after it was discovered that
strong cultures could be reared on the commercially available and
>

easily stored Brewer*© yeast.

The dilution of Brewer*s yeast and

distilled water was changed to 381 when it was found that the yeast
cells went into a more homogeneous suspension in salt water after
being first suspended at this concentration in distilled water.
Cultures 14-34 received the 1*2 ratio9 34-48 received the 1:3 ratio.
A thick covering of alga had spread over the entire underwater
surface of the tank except near the effluent opening of the circulat¬
ing purapf by June 7§ 1965.

Miss Carol Parker and Mr. J.R. Sears,

graduate students in the Botany Department of this University ident¬
ified it as a green alga tentatively a species of Chlorococcum or
Chlorocevtrlum sp.

This alga has withstood very rapid changes in the

specific gravity of the brine from saturation to 1.025 with apparently
no ill effects*
The brine in the tank remained remarkably stable throughout these
experiments.

Its appearance was always crystal clear.

Four micro¬

scopic examinations taken monthly from October 1965 to January 1966
of the tank water detected no living organisms of any kind.
The following table depicts the results of pH readings of the tank
water during a period of extensive culturing.
Table #16
pH Variance of Tank Water
Days af ter Initial tank filling .
oH

0

189

192

205

6.2

6.0

6.45

6.35

A single pH measurement was made on brine used for culturing a
vigorous population yielding approximately 890 26-day-old shrimp, be¬
fore the water was returned to the reservoir tank for reconditioning.
The pH of this water was 7.2

Growth of the Shrimp Under Standard Conditions
Weisz (1946) described the growth pattern of A. saline in waters
of different salinities at 21° to 22°C.

Table 16 compares the growth

curve found to occur under the rearing conditions described here and
>

those described by Weisz (1946).

Also Included in the table are the

growth patterns of three cultures reared using one-half, one-quarter
and one-eighth the weight of eggs used by the standard rearing tech¬
nique described above.
This tabular data is visually presented on Graph V; because of
the shortage of space, culture #33 (reared from 1/4 the usual wt. of
eggs) was omitted from the graph.

Superimposed on the graph are the

general growth phases of Weisz (1946).

In interpreting this data,

the statements concerning temperature and sampling adequacy mentioned
in the "Materials and Methods" and "Discussion" sections should be
kept in mind.

.
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Table #17
Comparative Growth Patterns of Artemia sallna In Millimeters

Age
in
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Weisz
21°-22°C.

Source of Data
Culture #37
Average Line
0.130 g/eggs
0.65 g/eggs
culture 30°C.
. 30°C.

Culture #38
.0325 g/eggs
30°C.

Culture #39
.01625 g/
eggs 30 C.

.561

.613

.613

.600

.691

.683

.673

.993

.766

.764

.840

.867

1.006

.793

.75
1.0
1.1565
1.22

1.22

1.375
1.363

1.07

1.34

1.23

2.33

1.03

1.778

2.53

2.27

3.13

3.14

3.29

2.103

3.14

3.65

2.4

2.90

3.21

3.16

3.26

3.88

3.13

1.50
1.781
2.0
2.219
2.469
3.28

2*781
3.59
3.125

4.25
3.418
3.80

3.5
3.89

3.88

4.0
4.5
5.156

3.858

4.07

4.08

Graph V
Growth Curves of Artemio soling at
Two Temperatures and Three
Initial Population Densities

Days

Thoracic Phase

0

Post
Segmental
Abdominal Phase
Phase

.
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Extract Appearance in Brine Solution
The more polar the eluant used to prepare the test extract, the
more insoluble it became in the brine*

Six percent and 15% eluants

appeared homogeneously milky when mixed with the brine*

The 30%

eluant on four out of eight instances precipitated solid white flakes
which rose to the surface of the tube*

These flakes were of a waxy

nature*
Over a period of 10 to 14 days after introduction to the brine
solutiont the homogeneous milky appearance disappeared; as the water
cleared a fine white residue slowly settled to the bottom of the tube*

Introducing Brine Shrimp into Testing Containers
The method of introducing shrimp into the testing tubes required
very little time and yielded consistent results*

The following table

lists the average introduction time and the average number of shrimp
Introduced into the testing tubes during eight bioassay experiments*
Table #18
Time Required and Results Obtained in Introducing
A* salIna into Testing Tubes

Experiment No*
5
6
7
8
9
10
11
12

Min/Tube
3.57
1*58
1.71
2.7
1.42
3.88
.70
2*1

No. ..Attampted/Tube
10
10
10
10
10
10
10
10

„

Av, Achieved ...
10.57
10.7
10.17
10.20
10.05
9.96
10*16
9.94

The Sensitivity of Brine Shrimp to Ronnel
The following table lists tne results obtained when A. salina was
tested in various concentrations of ronnel contained in 1 ml of ace¬
tone and diluted to 100 ml with brine solution.
Table ftl9
The Sensitivity of Brine Shrimp to Ronnel
Test
No*

1
2
3
4

Shrimp
age in
days

45
22
22
16

Calculated LD50
(Mcg/ml) with
the 95% Confid¬
ence interval
30,4
1,203
2.032
1*325

+
+
+
+

1.38
*1146
*1107
*1197

Hours of
Exposure

3
24
24
24

Average Size
of Shrimp

_

3*59 mra
3.5 mm
2*567 mm

Time lag between
Tube Preparation
and Shrimp Intro¬
duction
0
0
5
0

hrs*
hrs.
hrs.
hrs*

i

The average sizes of the three cultures measured closely approx¬
imate those calculated on the average growth curve plotted above*

The

measurements for the 45-day old shrimp are not presented since the
standard line was not plotted for shrimp that age*
The LD50 values of tests ft2 and fth are not significantly differ¬
ent from each other at the 0*05 level of significance*

The shrimp of

test #3 were the same age as those of test #2 but six days older than
those of test #4*

They averaged nearly the same size as those of

test #2 and were substantially larger than the shrimp utilized in test
#4*

The shrimp of test #3 were introduced five hours after the ronnel

had been Introduced into the brinet the shrimp of the other cultures
s

r

were introduced immediately after the ronnel was put into solution*
The shrimp of test ft3 showed a significantly higher LD50 dosage level
than culture ft2 or #3 which were statistically insignificant from each

99

•

other*
Test one yielded an LD50 dosage value after three hours of expo¬
sure; approximately 24 times as large as the average dosage of tests
#2 and #4 after 24 hours of exposure.

Frobit Regression Lines
The following regression lines depict the results of test 01 and
test 02m

Test #1 consisted of four dosages from 13.2 ug/ml to 105.7

ug/ml arranged in a geometric progression.

Test #2 consisted of five

treatments from 0.8 ug/ml to 1*2 ug/ml arranged at 0.1 ug/ml intervals.
Examination of the progression of the experimental mortality points
in Test One indicates that they deviate very little from the calcul¬
ated line.

Compare this result with the apparent progression of mort¬

ality in the first four experimental dosages of Test Two followed by
the low response exhibited by the highest dosage level.

The logar¬

ithmic difference between each of the geometrically arranged dosages
of Test One is 0*3; the logarithmic difference between all of the
dosages of Test Two combined is 0.175*

Therefore* the entire dosage

range of Test Two equals only 58.3% of the dosage range between any
two points of Test One*

Bioaasav of Eggs from Birds Treated with Ronnel
Teat Five consisted of the bioassay of 30 untreated control eggs
and 5 treated eggs all produced during Experiment Three*

All the eggs

were prepared for bioassay as previously described; the 6% eluant
fraction and the 15% eluant fraction being chromatographed separately
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Graph VI
Probit Regression Line of Brine Shrimp
Mortalities to Increasing Dosages of
Ronnel -Test no. I

Log. of the Dose
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Graph VII
Probit Regression Line of Brine Shrimp
Mortalities to Increasing Dosages of
RonneI-Test no. 2

before being combined in acetone solution*
eggs served as controls*

Six tubes of untreated

The remaining five columns of tubes re¬

ceived 60 ug* 80 ug* 100 ug, 120 ug* and 140 ug ronnel per tube in
acetone.

The treated "unknowns" were fortified with 70 ug of ronnel

per tube*

Acetone was added to all the tubes so that each tube con¬

tained 1 ml#

Ninety-nine ml of brine solution was then added.

Ten

shrimp were introduced into each tube as described above.
The standard dosages produced their most logarithmically propor¬
tional responses 49 hours and 30 minutes after the shrimp were introt

duced.

*

.

•

The calculated LD5G cf this regression line depicted in Graph

VIII is 0.837 + C.1029 ug/ml*
The following table lists the pertinent data on the five eggs
tested containing ronnel residues.
Table #20
Bioassay Results of Eggs from Birds Treated with
Ronnel July 20* 1965 and Tested in Test Five
Bird
No.

Wt. of

Bioassay Response

10

14*44g.

67.7

1.135

137.1

19

14«56g.

35*4

0.747

58.5

14

15.33g.

35.4

0.747

58.5

12

18.22g«

67*7

1.137

137*1

29

14*4 g.

35.4

0.747

58.5

Avg.

15.41g.

48.3

.903

Log Reading

Total ug

79.49
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Graph VIII
Probit Regression Line of Brine Shrimp
Mortalities to Increasing Dosages of
Ronnel Present in Egg Yolk Extracts
Test no. 5
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The average mg recovered Is calculated from the average of the
percent responses corrected for natural mortality (48,3%) and read
from the standard regression line (Graph VIII),
ug/tube.

This value is 79,49

This does not equal the average of the "Total Micrograms

Recovered/Tube.”

Also notice the large fluctuation in response be¬

tween tubes; there appears to be no correlation between this fluctua¬
tion and the level of treatiiient the birds received or the size of the
egg yolk extracted.

As will be seen in the "Discussion” section this

variance of the individual tubes containing the test extracts is con¬
sistent with the variance of the individual tubes used to draw the
standard line,
A comparison between the results of the Gas Chromatography and
Bioassay methods of analyses appear below.
Table #21
Comparative Gas Chromatography and Bioassay Results of Eggs
from Birds Treated with Ronnel July 20, 21, 22, 1965
Bird
Mo,
10
19
14
12
29
Avg,

ug/Samole
Wt, of
Gas Chrom.
Bioassay*
egg
x-70
v ° lk 16.00
14,44g,
67.1
14.56g.
13.95
-11.5
20,3
15.33s.
-11.5
18,22g,
15.075
67.1
0.1760
1A. 49&* . ...
-11.5
15,41g,

Difference
Between Averages

13.10

9.49

3*61 ug

npm ner Sample
Bioassay
Gas Chrom,.
4.65
Unreal no.
Unreal no.
4.63
Unreal no.

1.11
0.951
1.325
0.828
0.012
P.S45.-

0.615

I0.23

*X-70 where x • "Total Micrograms Recovered/Tube" (Table 20)
70 ** Micrograms added to treated eggs to fortify sample.

1C 2*

The bioassay results fluctuate over a broad range.
the average results are Impressively close*

Notice that

Remember that the aver¬

age bloassay results were calculated from the average % mortality in
the preceding section and do not equal the average of the ug recovered
in the individual tubes*

Additional Standard Regression Lines
Two additional standard regression lines were calculated using
the 15% eluant prepared as described in Experiment Five*

Two separate

cultures of shrimp were used which were reared side by side following
the standard rearing procedure described above*

The testing brine was

qualitatively and quantitatively identical with that used in the pre¬
vious experiments except that it was prepared fresh rather than from
salts recrystallized from tank water as had the brine used in previous
experiments and described above*
The results of these tests were dramatically different from those
produced before*

Mortality at every level of treatment including the

control level was much lower throughout the experiment than encountered
previously*

The mortality for the two experiments read at 304 hours

after introduction is shown in the following tables*
Table #22
Response of A, salina to Standard Amounts of Ronnel Added
to Egg Extracts — Test Six — 304 hours
Dosage (ug/tube)Log1 Response
Uncorrected
Corrected
——
38.46
Control
\r
60
0.77
45.84
66.67
815
80
0.90
75.0
59.37
309
1.00
100
71.87
000
82*69
120
1.07
90.42
94.11
918
140
1*14
78.11
86.53
613
#*■

•

•

©
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Table #23
Response of A. aalina to Standard Amounts of Ronnel
Added to Egg Extracts - Test Seven - 304 hours
Dosage (ug/tube)

Log.

Control

——

60

,

Response
Uncorrected
Corrected
57.142

0.77
815
0.90
309
1.00
000
1.07
918
1.14
613

80
100
120
140

%

77.55

47.622

79.59

52.377

80.0

53.334

82.0

58.00

88.24

72.56

The probit regression lines calculated for these two experiments
are presented on the following page.
-4,

The calculated LD50 at 304 hours for these two tests was 0.875
+ 0.262 ug/ml and 0.8057 + 0.126 ug/rol.
The LD50 value of the two tests are not significantly different
from each other.

Inspection of the two regression lines shows that

the slope of the former is steeper than that of the latter.

As ment¬

ioned above, this indicates a greater response per unit increase in
dosage of the shrimp tested in Test Six compared to those of Test
Seven.
The LD50 dosages of these two tests measured at 304 hours are
not significantly different from those obtained at 49 hours 30 minutes
in Test #5.

These three tests used a similarly prepared extract under

the same experimental conditions with animals reared under standard
conditions from the same lot of cysts.

The only known different be-
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Graph IX
Probit Regression Line of Brine Shrimp
Mortalities to Increasing Dosages of
Ronnel Present in Egg Yolk Extracts
Test no. 6
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Graph IX
Probit Regression Line of Brine Shrimp
Mortalities to Increasing Dosages of
Rormel Present in Egg Yolk Extracts
Test no. 6
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Graph X
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between the tests Is that the salts of the quickly developing standard
(Test #5) were recrystallized after being used in the reservoir tank.

Measurements of Shrimp Used in Bioassay
The following table illustrates the age, actual average size of
the shrimp used and the expected size by the average standard curve
illustrated above.
Table #24
Measurements of Shrimp Used in Bioassay
test No.

Age of Shrimp

Size mm.

Expected*
Size

Sample
Size

t
Five
Six
Seven

30 days
27 days
27 days

5.23
5.65
4.65

4.3
4.05
4.05

9
16
24

^Calculated from “Average line of Three Cultures”, Graph II.

Discussion
Treatment of Birds
He thod
The tube feeding of runnel in corn oil to hens proved efficient
and well tolerated*

An assistant was helpful*

Egg Production
Experiment I
The use of ronnel as described in this experiment Increased the
egg production of treated birds*

Dr* Frank R* Shaw performed mite

counts on these birds at intervals throughout the experiment*

He re¬

ported after sampling feathers surrounding the vent, (unpublished,
personal communication), that northern fowl mite (Omithonyssus
sylviarun) infestations averaged from 3 to 30 mites per feather in all
pens prior to treatment*

Over 500 mites per feather were found in the

control pens at the end of the experiment*

Essentially no mites were
\

found on treated birds one week after treatment*

Baker et al (1956)

and Kraemer (1959) stated that heavy Infestations of mites on poultry
caused decreases in egg production*

There is no evidence in the liter¬

ature that the presence of small amounts of pesticides in the environ¬
ment increases egg production*

It appears from the data presented

here that ronnel 5% granules applied as a litter treatment at 0*5 lbs*
and 1*5 lbs* per hundred sq* ft* controls the northern fowl mite*
This control Increases the egg production of treated birds above that
of heavily Infested birds*
The 1.5 lb* liter treatment resulted in much smaller residues in
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the yolks than did the 100 mg/kg dosage of Experiment II*
dosage did not significantly reduce egg production.

This larger

Therefore it

would be erroneous to interpret the difference in production between
the 0,5 lb, treatment and the 1*5 lb* treatment as anything but random
/

error*

As mentioned abovef this difference in production was not

significant at the level tested*

Experiments II and III
Egg production exhibited a highly significant decline at the 300
mg/kg treatment and in higher treatments*

The first and third exper¬

iments differed from the second in that highly significant variances
occurred for both treatments and days in these experiments*

Differ¬

ences between days of production would indicate variations in the
production of all the birds regardless of treatment*

Measured over

a long period of time* fluctuations are bound to occur as birds age*
weather changes* etc*

It is not surprising therefore that Experiment

I9 the longest* exhibited these fluctuations*
A different mechanism caused this variance in Experiment III*
Four days after the first treatment all treated birds but one stopped
laying eggs*

Therefore the egg production of the first four days was

significantly different than during inhibition*
the highest treatment inhibited production*

In Experiment II only

This variance was not

large enough to cause significance between treatment days when aver¬
aged with the producing pens*
The combined data of Experiments II and III indicate no decrease
in egg production at and below the 200 mg/kg level* but highly sign!-
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ficant decreases at and above the 300 rag/kg level.

Thus the 200 and

300 mg/kg dosages as applied in these experiments bracket a critical
range of dosages which inhibit egg production*

The data on egg in¬

hibition is not complete enough to form a sound hypothesis as to the
nature of the inhibitory mechanism or even the pattern of inhibition
as to increasing dosages*

Speculatively it can be reasoned that ow¬

ing to the enzyme Inhibitory powers of the toxic material, inhibition
of an enzyme or hormone system would be likely*

Another possibility

is that the treatments caused the birds to stop eating or drinking*
Morris and Nalbandov (1961) showed that starvation for 72 hours caused
inhibition of the pituitary gland resulting in cessation of egg pro¬
duction within five days*
The fact that bird #12 continued production throughout Experiment
III while the other five birds were inhibited may possibly be explained
by a varying degree of susceptibility to the toxic material*

On an

individual bird basis egg inhibition would appear to be a quantal
phenomena*

Gross Appearance of Hens After Treatment with Ronnel
Ronnel (applied as described in Experiment I) on birds exposed
to litter treatments of ronnel exhibited no observable effect*

Birds

force fed 400 mg/kg, 600 mg/kg and 800 mg/kg ronnel for three conse¬
cutive days displayed symptoms of physiological stress*

These symp¬

toms coupled with the accompanying weight losses and egg inhibition
Indicate that the highest dosage of 800 mg/kg for three consecutive
days was approaching the lethal threshhold*

Such results would be

.
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expected In view of the findings of Raffensperger (1958),

He reported

that symptoms of phosphate poisoning became evident in a percentage of
White Plymouth Rock hens at a single dosage of 1000 mg/kg.

The data

of his ©xperiiiients are not directly comparable to these experiments
since in one case the birds received a single oral dosage whereas in
these investigations they received three successive daily dosages.
The oral LD50 to roosters of 5000 mg/kg reported by McCollister
et al (1959) would appear not to be in agreement with these results.
Birds receiving the 800 rag/kg/day doaage received a total of 2400 mg/
kg over a three day period.

As reported above, these birds exhibited

gross signs of distress and severe loss of weight.

In view of the

data reported here and that of Raffensperger (1958), mentioned pre¬
viously, it would seem unlikely that half of these birds could survive
i

over double this total dosage applied as a single treatment.

This is

of course not a statement of fact, but a probable deduction based on
\

*■' * A"

•

.

the findings reported above.
The strong odor of ronnel in the droppings of birds after high
level treatments suggests that much of the ronnel may not be absorbed;
or if It Is absorbed, it is rapidly excreted.

Further analysis of

this problem was considered beyond the scope of this paper.
,

?

•

«

Colorimetric Analysis
The colorimetric method of analysis of eggs proved to be unaccept¬
able.

The recoveries from spiked samples were not only prohibitively

low, but so erratic that any conclusions concerning the Food and Drug
Administration's requirement for undetectable residues in eggo was

,
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Impossible,
Examination of the optical density readings of the control eggs

(pens #1 and #2), presented in table #10, indicated the source of the
problem.

The cleanup method of the eggs obviously does not remove

some materials which are much more abundant in some samples than others.
The materials either inhibit or promote the development of color by
the method used, producing erratic control readings.

Note that the

average of three control optical densities in the table is not really
representative of any one of the control values,

U3ing this average

value, three of the controls would contain residues; that of pen #4
on September 24, 1963 calculates to over 0*15 ppm.

It is inconsistent

to call this value in the control an aberrant fluctuation when eggs
collected the same day from pen #4 and giving a lower optical density
reading are said to contain 0,15 ppm.

The latter reading may be in¬

dicative of ronnel however, since it Is considerably higher than the
average control reading.

Four similar cases of highly questionable

results are Indicated in the table.

In the light of these factors

certainly all the values in this table can be considered to be highly
exaggerated.
The Inadvisability of using this method at the low residues en¬
countered was substantiated by gas chromatography of similar yolk
samples obtained during the same experiment.

Gas Chromatography
Gas chromatography requires highly purified extracts.

This factor

.
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Is complicated by a myriad of interferring compounds, especially lipids,
present in large quantities in egg yolks.

The preparation procedure

previously described yielded a very acceptable and usable extract.
The drawback, to the procedure is its length and cost.

Five to six

samples, the maximum number conveniently handled at one time, took 6
to 8 hours of work to prepare for injection into the chromatograph*
This does not include the time necessary for the redistillation of sol¬
vents,

A conservative estimate of the cost of the solvents to prepare

six 50 g, samples for gas chromatography is 25 dollars.

Recoveries of Known Quantities of Ronnel .Added to Control Erss
Due to the fact that no interferring peaks occurred at the re¬
tention time of ronnel accurate and consistent recoveries were made of
ronnel as low as 0,3 mg per sample.

Since this material was added to

50,0 g. of egg yolk, it represented a residue value of 0,006 ppm*
Table #14 indicates that 86% of this sample was recovered.

Values re¬

ported below the 0,006 ppm are indicative of the presence of trace
quantities of ronnel although the quantitative accuracy of such values
are unknown.
The great differences in accuracy between the high and low atten¬
uations of the machine are probably caused by the following mechanism.
The electron capture detector measures micro changes between two
electrical currents caused by the absorption of electrons by the mat¬
erials being measured.

When the amount of electron absorbing material

present in the detector becomes too large some of these particles pass
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through the detector without absorbing electrons.

This causes the

response of the machine to be less than proportional to the amount of
material present.

As the concentration of electrophilic particles

in the detector continues to rise* the proportional response decreases.
The exact concentration at which a given machine loses its linearity
depends upon many factors such as the purging ability of the detector*
cleanliness of the detector* rate of gas flow* size and activity of
the radioactive source, electrophilic nature of the particles being
measured* and other factors.
Attenuation simply adjusts the relative response of the recorder
to the change in current measured by the detector*

Thus* if at atten¬

uation lOOx* a curve area of 100 units is obtained from a certain in¬
jection* at attenuation 200x the same injection would give a curve
area of 50 units.

Since higher attenuations do not increase the cap¬

acity of the electron capture detector; using them without first
establishing the upper limits of the range of linearity for the machine
and material being used is imwiae*

This test indicated that samples

containing larger amounts of ronnel should be diluted to a concentra¬
tion approximating 0*2 mg of ronnel per ml of extract.
The method that should be used in calculating the area under a
curve is disc intergratlon.

The weakness of thi3 method is that it

is dependent upon all the curve bases being on or exactly the same
distance off of the base line.
to accomplish.

Upon occasion this is almost impossible

This experiment Indicates that the comparative altitude

method was the second best method tested* being slightly superior to

.
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the triangulation method.

The differences between these two methods

was small and may be due to inadequate numbers of tests.

,

13 3
Residues Detected by Gas Chromatography
Experiment

I

Consistently lower residues were detected by this method than by
the colorimetric method*

A direct comparison of the results obtained

by these two methods is possible since the samples analyzed by both
methods are products of the same experiment*
Table #25
A Comparison of Ronnel Residues by Colorimetric and Gas
Chromatography Analysis of Eggs from the Same Birds Treated
with Ronnel 8/5t 8/26 and 9/16/65* - Experiment I
Date Eggs
Collected

GLC Colorimetric GLC
Colorimetric
Pens
Pens
Pens
Pens
4
6
4
2
3
3
5
l
0.41

GLC
Pens
5
6

0.003
0.006

0

0

0

0.08
0.12

0.26

0.07
0.3

0
0

0

0*2
0

0.45

0.15

0

0
0

0.016

0.006

0.008

0.009

0.27

0*004
0

0.003
0
0

0

0.26 0*21

0

0

0.23 0.2

0
0

0.92
0.3

1.5
0.23

0,38

0.01
0.395 0.01

0
r-4

0

0
0

o
o
.
o

8/25/63
8/28/63
9/15/63
9/17/63
9/22/63
9/24/63
9/25/63
9/26/63
9/29/63
9/30/63
10/1/63
10/4/63
Averaee

Colorimetric
Pens
1
2

.

*As previously shown the colorimetric measurements are inaccurate
and are presented here for comparative purposes only*

It is interesting to note that the colorimetric method recorded
436 times the average residue recorded by gas chromatography in the
0*5 treatment and 48*4 times the average residue detected in the 1*5
lb* treatment*
The residues detected by gas chromatography appear to have no

0.006
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cyclic fluctuations based upon dosage dates.

This fact coupled with

the low level of residues found would seera to indicate that residues
enter the hen by constant casual exposure rather than by feeding.
As previously reported from this data. Smith et al (1965), the lower
dosage level shows promise of meeting the Food and Drug Administra¬
tion’s requirement of undetectable residues in eggs.

Those findings

agree with those of Knapp et al (1960) mentioned above who failed to
recover residues from the eggs of birds receiving an application of
a 1% ronnel dust.
Experiments II and III
The incidence of residues detected in Experiment II (Graph III,
page 87a) Indicate an apparent similarity between the residue levels
of ronnel detected on the sixth day in the 200 mg/kg treatment and in
the combined samples of the ninth and tenth days of the 400 mg/kg
treatment.

The large discrepancy between this latter residue and the

equivalent residue found on the tenth day of the third experiment
(Graph IV, page 90a ) make speculation concerning this apparent sim¬
ilarity useless.
The irregularity of the residues found in eggs for the first few
days after treatment is probably due to variance in the ovarian cycles
of the different birds.

Ova which were mature when the pesticide was

administered would be expected to contain lower residues than ova
undergoing extensive vitellogenesis directly following treatment.
Graph IV on page 90a

shows an apparent decrease in the residues

of the 800 tag/kg dosage between the third and fourth days.

Table #13

.
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on page

89

shows that the high residue of day three was produced by

bird #25 while the low residue produced on day four was from bird #28*
This was the first egg produced by the latter bird since it was first
treated, and does not therefore Indicate a true drop in the disappear¬
ance curve*

For the remainder of the experiment bird #28 reacted

similarly to the other birds treated with the 800 mg/kg dosage*
The results of Experiment II indicate that 6 days following the
first treatment, all three treatment levels yielded similar residues
but at different times*

The higher the treatment the later a given

level of residue occurred.

This difference in residue level at a

given time decreased until on the seventeenth day after the first
treatment very little difference was detectable*

By the twenty-first

day after initial treatment all levels of treatment had undetectable
residues*

If the quantity of ronnel in egg yolks is directly related

to the quantities of ronnel in the entire bird, these results indicate
an Increase in the catabolism of the pesticide as its level in the
bird increases*

This would be consistent with the findings of Plapp

et al (1953) reported above*

He found that in mammals, high levels

of the pesticide stimulated a second detoxification pathway of ronnel,
cleaving the molecule at the alkyl-phosphate bond as well as at the
aryl-phosphate bond*

As the level of pesticide increased, the use of

this former pathway also increased*

Further research is necessary to

find whether this is actually the mechanism working in chickens*

.
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Bioassay
Rearing Technique

As was previously mentioned. the use of yeast as a food for brine
shrimp has been reported by other investigators.

The success of this

food is not surprising when the known nutritional needs of Artemia.
as found by Provasali et al (1959a and 1959b) mentioned above. and
the known constituents of yeast are compared.

The failure of the act-

ive yeast tried may be due to the small size of the individual part¬
icles.

Brewer’s yeast particles are of much larger size.

This hypo¬

thesis is consistent with the findings of Reeve (1963) and Weisz (1947)
described above.

In addition to smaller particle size, the active

yeast cake contained carbohydrates to nourish the yeast cells, this
may be why the cultures fed this material tended to develop foul water.
As expected from the data reported by Gllcrest (1960) many shrimp
especially males, reared on this media were a light green color.

Many

b

females appeared green for a few days and then lost the color.
identity of this pigment remains unknown.

The

Investigations comparing

the relative sensitivity of green and normal shris$> to ronnel was con¬
sidered beyond the scope of this paper.
The brine contained in the reservoir tank, always remained clear
with a stable pH and undetectable numbers of bacteria.

These factors

coupled with the replicable developmental rates and response to tox¬
icant solutions indicate a successfully standardized rearing technique
has been developed.

.
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The alkaline pH (7.2) obtained from a single culture following

the rearing of a heavy population of shrimp constitutes Incomplete data.
The large difference between this value and the pH of the tank water
indicates that a substantial pH change occurs during shrimp culture.
During bioassay the shrimp were transferred from such alkaline water to
a pH of about 6.1.

As indicated by the low natural mortality of Bio¬

assay Tests 1-4 such pH changes had little effect on the shrimp.

Growth of Shrimp Under Standard Conditions
When interpreting the growth data presented above, it is neces¬
sary to remember the following qualifications.

Typically very large

growth deviations occurred between shrimp of the same culture.

It

was not uncommon to have some shrimp approaching sexual maturity
(4.0 mm) and other shrimp v in the very same culture not yet in the
abdominal phase of growth (under 1.6 mm).
the findings of Welsz (1946).

These results corroborate

Detailed growth studies of such large

varied populations would be involved and time consuming.

Yet prelim¬

inary data were needed to indicate if the growth of animals under the
standardized conditions approximated those found by Welsz (1946).
Therefore measurements of the small samples as described above were
made and compared to the rate of growth described by Welsz.
The large discrepancy in the growth of individual shrimp within
a culture was thought to possibly be caused by crowding.

Therefore

measurements were made on cultures initially containing 0.5, 0.25,
and 0.125 the number of cysts normally used.
The resulting curves (Graph V) appear to generally follow the
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pattern of Weisz with some possible deviations*

Through the eighth

day all of the cultures grew slower than the theoretical curve of
Weisz*

They then apparently entered a period of considerably faster

growth crossing from the thoracic to abdominal phase of development
at approximately the same time as the Weisz model*

This accelerated

growth rate diminished when 2.4-3.0 ram of length was attained.

This

accelerated period may be explained by the warmer temperature at which
these animals were reared.

With the exception of culture #39 all

curves enter the post-segmental phase at generally the same time.
Culture #39 appears to have maintained a more accelerated growth rate,
closely paralleling that of Weisz* model during this period*
Conclusions from this data that the development pattern of shrimp
reared under the standard conditions described above differ from those
described by Weisz would be unjustified.

The data does indicate that

crowding way be a factor in altering the growth pattern of the shrimp*
When the standard number of eggs was halved no significant change in
growth rate or patterns of growth was detectable.

Therefore, since

small deviations from the standard amount of shrimp do not affect
growth patterns$ a less accurate and time consuming method of measur¬
ing the cysts for each culture may be justified.
Extract Preparation

and Appearance

One of the often quoted advantages of bioassay analysis is that
the relatively unpurified extracts utilized are much easier and less
time consuming to prepare than those necessary for other methods.
extraction procedure used here is not of this type.

The

Additional re-

.
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search Is needed to perfect a method of extracting egg yolks which is
less time consuming, less expensive and produces an extract which con¬
tains fewer interfering substances, especially lipids.

This problem

of lipid contamination is one of the major current problems in quant¬
itative analysis.
One difficulty inherent in assaying materials for unknown sub¬
stances, such as metabolic products, is that due to the variety of
possible derivative compounds, each possessing unknown physical and
chemical properties, it is always possible that any extraction proce¬
dure is leaving behind or destroying a metabolite before it is tested.
For instance in the procedure utilized here the chances of the 15%
eluate not removing a metabolite from the florisil column, or the
chances of a metabolite being destroyed on the column are unknown.
Faced with the necessity of using a clean-up procedure which excluded
many compounds normally found in eggs, a method was selected which
was known to successfully extract high percentages of many groups of
compounds.

The U*S. Department of Health, Education and Welfare (1965)

stated that the netbed used in this work, and described above, quant¬
itatively eluted 40 out of 54 toxic compounds. Including chlorinated
hydrocarbons and organic phosphates.
recovering 7 additional compounds.

It was partially successful in
Thus only 7 compounds out of 54

were not recovered by this irethod.

The Sensitivity of Brine Shrimp to Ronnel
The results in Table #19 on page

98 Indicate that A. salina is

,
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sensitive to raicroquantitles of ronnel*

These results indicate that

no significant difference in sensitivity to the pesticide occurs be¬
tween the sixteenth and twentieth day of development*

This result

agrees with that of Tarplay (1958) who, working with the brine shrimp,
found no variance of sensitivity caused by age to the phosphorothioate (parathion) tested*
The average of the two insignificantly different LD5Q dosages
of ronnel to brine shrimp after 24 hours of exposure reported above
is 1*264 ug/xal + 0*117 ug/ral*
ppm by volume*

This is equivalent to 1.26 ppm £0.12

This value is considerably higher than the 0*01 ppm,

0,595 ppm and 0*68 ppm LD50 values for DDT parathion, and dieldrlon
respectively, reported by Tarpley (1958) and mentioned previously*
More important than the ID50 value in bioassay is the sensitivity
of response to small fluctuations in dosage*

Test #2 was designed to

test the sensitivity of shrimp to small increases in dosages*

The

regression line calculated for test #2 indicates that a 5% average
increase in mortality from 45% to 50% accompanies a dosage increase
of 0*18 ppm*

A 1% increase in average mortality from 53% to 54% equals

a dosage increase of 0*028 ppm*

This latter figure would equal the

practical limit of sensitivity achievable by this method.

This value

is higher than the 0.01 ppm value reported for chlordane* methoxychlor,
lindane toxaphene and DDT by Michaels et al (1956)*

It is however, a

very high and acceptable sensitivity*
Test #3 indicates that significant detoxification occurs when
ronnel is allowed to stand in a 1% acetone brine solution for 5 hours.
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Replication of these results would be necessary before definite con¬
clusions could be drawn*

Bloaaeay of Eggs from Birds Treated with Ronnel
For reasons previously described in detailt these tests were
designed using the minimum possible number of shrimp per testing tube*
Accuracy within each tube was not expected* the sum of the replicates
of each dosage being expected to yield accurate results*

The bloassay

results of Test #5 reported in Table 20 on page 100 yielded the ex¬
pected results*

The individual unknown tubes gave highly erratic

responses which are valueless as to Indicating the amount of toxic
material in the test container*

This is because the death of each

shrimp in an individual tube represented a 10% increase in mortality*
The average mortality of the teat population produced results that
are convincingly close to the known level of toxicant recorded by the
chromatograph* 0*23 ppm less*

The average response of the shrimp

gave no Indication therefore of the presence of any toxic material
other than ronnel as a result of the oral feedings*
Two weaknesses are apparent in this data; first the conclusions
are based on the findings of only five eggs* and secondly the large
variances between the mortalities of the individual "unknown" tubes
from their mean (Table #20* page 100) may indicate that the closeness
of this latter value to the expected response as indicated by gas
chromatography may have been chance*

Replication of this test was

impossible due to a lack of experimental materials*

It should be kept

.
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in mind however that four of the five experimental "unknown” eggs con¬
tained the highest residues of ronnel recovered9 and thus should have
contained any accompanying metabolites*
Table #26 lists the standard deviations of the mortalities of all
the individual tubes within each treatment of Test #5 from their mean*
The responses of the "unknown" tubes were less variable than all the
other treatments except the 80 ug/tube treatment*

Graph VIII (page 100^

shows that the average responses calculated from all of these individ¬
ually variable results in every case approximate the calculated response
and increase with dosage*

The probability of this occurring by chance

would appear to be small*
The maximum response to the toxicant occurred in 48 hours and 30
minutes in this experiment*

Identical dosages of toxicant caused a

maximum response in 24 hours in Tests 1-4*

The only difference be¬

tween these sets of experiments was the presence of egg extract in the
former*

The 38% mortality recorded in the former experiment is higher

than experience in testing shrimp dictates would occur in pure brine
solutions*

Therefore the egg extract appears to increase natural

mortality and delay the action of the pesticide*

12 3.
Table #26
Standard Deviations of the Responses of the Individual
Tubes Within Each Treatment of Test #5 from their Mean
Dose

Mortality

Control 1

2
3
4
5

s

30
30
60
30
40

15.17

63.6
80
30
90
40

25.53

80
60
80
60
70

10.0

70
80
90
70
50

14.83

90
60
80
63.6
80

12.54

90
80
80
70
10

32.09

80
60
60
80
60

10.96

60 ug/tube

1
2
3
4
5
80 ug/tube

1
2
3
4
5
100 ug/tiibe

1
2
3
4
5
120 ug/tube

1
2
3
4
5
140 ug/tube

1
2
3
4
5
Unknowns
1

2
3
4
5

.
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Additional Regression Lines

The only apparent difference between Tests #6 and #7 and Test 05
was the use of freshly prepared salts in the former and salts recryst¬
allised from the reservoir tank in the latter.
controlled.

All other factors were

The LD50 values developed by Tests 07 and #3 at 304 hours

were Insignificantly different from each other and from the LD50 ob¬
tained In Test #4 at 49 hours and 30 minutes.
Statistical replication of the results of Tests #7 and #8 ind¬
icate a highly stable condition between these experiments.

When

Identical brine solutions were used in preliminary tests as were used
in Teat #5* results similar to the latter experiment ware obtained.
The natural mortality of Tests #6 and #7 were 38.52 and 57*12 at
304 hours and at this time LD50 values of 0.875 ppm and 0.806 ppm were
calculated for these respective tests.

The natural mortality of Test

05 was 38% at 48 hours and 30 minutes.

At this time an LD50 value of

0.837 ppm was calculated.

Natural mortality in the untreated tubes

apparently paralleled the development of the toxic reaction.
The romtel dosage series contained by all three of these tests
was identical to that used in Tests #1—#4.

These tests which con¬

tained no egg extract developed their responses within 24 hours*
Therefore the egg extracts are apparently causing different degrees
of masking*

Masking affects have been previously discussed and are

well known in the literature* Kowar (1964) and Sun (1963)*

The data

to date are inconclusive but apparently an Interaction between the
test extract* the toxicant and a third factor present In aged brine*
such as bacteria* is at work*

Summary and Conclusions
This investigation has concerned the analysis of chicken egg yolks
for the pesticide ronnel or any detectable toxic metabolites of this
product*
compared*

Three analytical methods were used and their relative values
They Included a colorimetric method, gas liquid chromato¬

graphy, and a bloassay technique utilizing a highly standardized pro¬
cedure for rearing large numbers of Artemla aalina* the test organism
used*
In the course of this work. White Leghorn hens were treated with
4

ronnel in three separate experiments*

The first experiment concerned

the use of ronnel as a litter treatment for the control of ecto¬
parasites*

The second and third treatments entailed the force feeding

of a total of six different large dosages of ronnel to the birds*
Detailed studies were made on the effect of the various dosages
of pesticide on weight fluctuations and egg production by the birds*
Comparative residue analyses were made of eggs produced in the first
experiment using gas chromatography and the colorimetric method.

Dis¬

appearance curves of the pesticide found at various dosage levels were
plotted for eggs produced in the second experiment; residues were re¬
covered by gas chromatography*

The eggs produced in the third exper¬

iment were analyzed by both gas chromatography and the bloassay tech¬
nique*
A technique suitable for rearing large standard populations of
A* saliaa for bloassay received emphasis in this paper*

An extensive

literature review, including a comprehensive review of the organisms

,

126
physiological mechanisms and requirements, is included*

The sensit¬

ivity of brine shrimp to ronnel in 17, acetone: brine solution and
their sensitivity to ronnel in 1% acetone: brine solutions containing
extracts of egg yolks were determined.
It is concluded that ronnel when applied as described in the
first experiment shows promise in meeting the Food and Drug Adminis¬
tration's requirement of undetectable pesticide residues in egg yolks.
Such treatments Increase egg production, over that of birds heavily
infested with the northern fowl mite, probably by controlling the
ectoparasite populations.

Higher dosages inhibit egg production and

cause weight loss and other symptoms of physiological stress.

Within

the dosage ranges tested, the time interval between initial treatment
and the occurrence of undetectable residues in the egg yolks was
equal, regardless of dosage.
The rearing procedure described for brine shrimp yields large
replicable populations of shrimp which give statistically reproducible
bioassay responses.
hours a week.

The rearing of shrimp requires less than three

The brine shrimp is sensitive to micro quantities of

ronnel, the LD5Q dosage being 1*26 + 0*12 ppm.

The maximum sensitivity

of this technique is 0*028 ppm.
Egg yolk extracts mask the effect of ronnel.

The extent of these

masking effects is dependent upon the presence or absence of an un¬
known third factor in the bioassay system.
The colorimetric method of analysis is unsatisfactory because of
its inability to produce replicably pure extracts.

The gas chroraato-

127,
graphy method of analysis is capable of recovering up to 90% of the
ronnel residues present* in concentrations as low as 0,006 ppm.
bioassay technique produced statistically replicable results.

The
Bio¬

assay results replicated gas chromatography results of the same ex7

tracts within 0,23 ppm.

These results failed to indicate the presence

of toxic substances other than ronnel in the eggs of treated hens.

.
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